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- ABSTRACT 


There are relatively few reports of female pseudohermaphrodism not asso- 
ciated with congenital adrenal hyperplasia. The writers report 21 cases of 
females born with partial masculinization of the external genitalia, consisting 
of an enlarged phallus, with or without varying degrees of fusion of the labio- 
scrotal folds. The diagnosis was established by finding female chromatin 
patterns, low excretion of urinary 17-ketosteroids and absence of progressive 
virilization. Exploratory laparotomy revealed normal ovaries and a normal 
female genital tract, although in some cases the vagina and urethra opened into 
a common urogenital sinus. In 15 of the cases, the mother had been treated 
because of threatened or habitual abortion with an oral progestin, 17-ethinyl- 
testosterone (anhydrohydroxyprogesterone or ethisterone), marketed under 
such trade names as Pranone, Progestoral and Lutocylol. In 2 cases the mother 
had received intramuscular injections of progesterone. In 1 case both intra- 
muscular progesterone and oral methyltestosterone had been given. In 3 cases 
no steroids were administered during pregnancy. The progestinic medication 
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was usually begun before the tenth week of gestation and in most instances be- 


tween the fourth and sixth weeks. 
Reasons are discussed for believing that the oral and intramuscular admin- 


istration of progestins induced the partial masculinization of the female fetus. 
It is believed that the female fetus is affected in only occasional mothers who 
receive these steroids, and that in such mothers there may be an abnormality of 
either the metabolism of progestins or their transmission across the placenta. 

It is most important to diagnose the condition correctly at birth, and to 
rear the infant as a female. No treatment is required except surgical correction 
of the abnormalities of the external genitalia. Normal female development is 


certain. 


EMALE pseudohermaphrodism due to congenital adrenal hyper- 

plasia is a well known disorder and probably accounts for about half 
of all cases of abnormal sex differentiation (1). These patients have ovaries 
and female chromosomal patterns. Androgenic steroids secreted by the fetal 
adrenals during the critical period of sex differentiation bring about vary- 
ing degrees of masculinization of the external genitalia but do not affect 
normal female differentiation of the Miillerian ducts to form the uterus 
and Fallopian tubes.) Before birth the phallus becomes enlarged and usually 
resembles a hypospadic penis with chordee. There may or may not be 
fusion of the labioscrotal folds. If there is no fusion, the vulva or urogenital 
sulcus is of the normal female type with separate vaginal and urethral 
orifices. When there is partial fusion of the posterior portions of the labio- 
scrotal folds, the urogenital sulcus is partly covered, thus hiding the orifices 
of the vagina and urethra and forming a funnel-shaped tube into which 
open the urethra and vagina. In many cases fusion of the labioscrotal folds 
extends anteriorly, forming a median raphe and enclosing a long slender 
urogenital sinus with a small meatus at the base of the phallus. Urethro- 
scopic examinations or urethrograms usually demonstrate the communica- 
tion with the vagina but occasionally there is no apparent communication 
due to failure of canalization of the Millerian tubercle. In a few cases there 
is masculinization to the degree of forming a normal corpus spongiosum 
and penile urethra. Such patients may be mistaken for cryptorchid males 
unless buccal smears or skin biopsies are made and a female chromatin 
pattern demonstrated. The presence or absence of labioscrotal fusion 
probably depends on the stage of fetal sex differentiation at which andro- 
genic activity becomes manifested. 

Similar masculinization of the female fetus not associated with viriliz- 
ing adrenal hyperplasia is comparatively rare and there are relatively few 
reports in the literature. It is the purpose of this paper to report 17 cases 
which we have studied since 1950, in 14 of which the mothers had been 
given progestinic steroids during early pregnancy because of threatened 
abortion. Four additional unpublished cases of partially masculinized 
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female infants whose mothers received a progestinic substance during 
pregnancy have been brought to our attention by colleagues and are in- 
cluded in this report. During the same period we have studied 70 cases of 
female pseudohermaphrodism due to adrenal hyperplasia, 41 cases of male 
pseudohermaphrodism and 2 cases of true hermaphrodism. The cases of 
fetal virilization unassociated with adrenal disorders will be discussed 
and the possible etiologic role of steroids administered during pregnancy 
will be considered. 


CASE REPORTS 


The 17 cases studied in our clinic together with 4 additional cases of 
colleagues are tabulated in Table 1. Abstracts, with particular emphasis 
on the antenatal histories, are given in the Addendum. ; 

In most instances these children had been reared as girls and were 
referred for study because the phallus was sufficiently enlarged to attract 
attention and arouse a suspicion of some type of hermaphrodism. Patient 
No. 1 had a penile urethra and could readily have been mistaken for a 
male. Patients Nos. 2, 3 and 4 had such a marked degree of labioscrotal 
fusion as to make the sex doubtful. Patient No. 15 had been reared as a 
boy until exploratory laparotomy was carried out at the age of 10 months. 
Patient No. 17 had been considered a hypospadic, cryptorchid male until, 
at the age of 12 years, the breasts developed and menstruation occurred. 

The phallic enlargement in most cases was somewhat less than that 
frequently observed in the adrenogenital syndrome. Usually definite, 
though sometimes slight, hypertrophy of the corpora cavernosa could be 
palpated and a small glans was visible. In Patients Nos. 9 and 15, however, 
the phallus was soft and fleshy and consisted principally of hypertrophied 
prepuce. In 1 infant there was a small phallus with the urogenital sinus 
opening near its tip (Fig. 1). In 7 patients there was marked fusion of the 
labioscrotal folds, forming a urogenital sinus with a small meatus near 
the base of the phallus (Figs. 2 and 3). In 7 there was slight fusion con- 
sisting of a thin crescent of skin across the posterior fourchette, but sep- 
arate urethral and vaginal orifices were visible (Fig. 4). In 6 cases there was 
no fusion and the vulva was normally formed, except that the labia minora 
were poorly developed and consisted merely of thin cords extending down 
from the ventral surface of the phallus. In all instances endoscopic ex- 
amination of the vagina revealed a cervix—almost certain evidence of the 
presence of a uterus. Usually an infantile uterus was palpable by rectum. 

In all cases the buccal smears or skin biopsies showed a female type of 
nuclear chromatin. Virilizing adrenal hyperplasia was excluded by finding 
normal levels of urinary 17-ketosteroids. In all patients except No. 17, 
the 24-hour excretion of 17-ketosteroids was less than 2 mg. and generally 
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TABLE 1 
Patient Masculinization of 
Maternal medication during gestation 
: Age Labio- Period 
No.| Inits. | when | Phallus scrotal Progestins Dosage of Other steroids 
studied (cm.) fusion* gestationt 
1} N.T. 1d. 1.5<0.5 | ++++ 200 mg./d. 4 wks.-20 wks. | None 
phallic | 17-OH-progest.,§ im. | 50mg. (1 dose) | 4 wks. 
urethra 
2 V.H. 2d. 1.8X0.8 | +++ | Ethinyltest. 50-200 mg./d. | 4 wks-8mo. | None 
Progesterone, i.m. 25— 50 mg./d. | 15 wks.-17 wks. 
3 | JS. 15 mos.| 1.3X0.5 | +++ Ethinyltest. 150-200 mg./d. 6 wks.-9 m 
Progesterone, i.m. 100 mg./d. wk, for 4 das, None 
4| T.M. 1d. 1.3X0.5 +4+ Ethinyltest. 200 mg./d. 4 wks.-6 mos. 
17-OH-progest., i.m. 250 mg./wk. 4 wks.-12 wks. | None 
5 | A.W. | 57mos.| 2.50.9 + Ethinyltest. 100-89 mg./d. 4-8 wks. toterm | Stilbestrol, 40 mg.— 
120 mg./d. 
6 | C.C. | 38mos.| 2.0X0.8 + Ethinyltest. 30 mg./d. 8 wks.-6 mos. None 
7| RS. 1 wk. | 1.5X0.8 + Ethinyltest. _ 380 mg./d. 10 wks, toterm | Ethinylestradiol, 0.1 
mg./d., 10 wks. to 
term 
8 | RS. | 23 mos,| 1.3X0.7 + Ethinyltest. 40 mg./d. 6 wks.-8 mos. Stilbestrol; cortisone 
9 | E.P. 1 wk. | 1.0X0.3; + Ethinyltest. 40 mg./d. 6 wks. to term Stilbestrol, 30 mg./d. 
very little Progesterone, i.m. 25 mg./d. 4th. mo. for 7 das. 
corpus 
10 | R.M. Tyrs. | 2.5X0.8 0 Ethinyltest. ? 6 wks. toterm | Stilbe trol (dose?) 
11 | D.D. | 22mos.} 1.8X0.4 0 Ethinyltest. 40 mg./d. 5 wks. to term | Stilbestrol, 5 wks. to 
‘ term 
12 | KS. | 46mos.| 1.3X0.5 0 Ethinyltest. 20—40 mg./d. 7 wks.-9 mos. Stilbestrol, 100 mg./d., 
10 wks. to 9 mos. 
13 | P.D. | 19mos.| 1.8X0.5 + Progesterone, i.m. 100 mg. q.2 d. 9wks.-11 wks. Stilbestrol, 10 mg./d., 
5 mos. to term 
14 | M.M. | 34mos.; 2.20.8 0 Progesterone, i.m. ? ? Stilbestrol 
15 | C.L. | 10mos.| 2.0X1.0;| +++ | None None 
very little 
corpus 
16 | N.H. | 50mos.| 2.0X1.0 | +++ | None None 
17 | 12 yrs. | 5.5X1.7| +++ | None None 
Unpublished Cases from other Clinics 
18 | Patient of an 0 Ethinyltest. 120-320 mg./d. | 18 wks.-36 wks. 
Reilly 
19 | Patient of + 0 Ethinyltest. 40 mg./d. 0—4 mos. Ethinylestradiol, 0.04 
Foxworthy, mg./d. 
20 | Patient of oo pet Progesterone, i.m. 25 mg./d. 4 wks.-7 wks. Methyltestosterone, 
Foxworthy, : 10 mg./d., and Pre- 
#2 marin 125 mg./d., 
7 wks. to 6 mos. 
21 | Patient of + + Ethinyltest. 30 mg./d. 15 wks.-21 wks. 
pete, 10 mg./d. 21 wks.- 9 mos. 
1 
*+++-++ indicates complete fusion with formation of a urethra. 
++-+ indicates high degree of fusion with nital sinus opening at base of phallus. 
+ indicates crescent-like fold at posterior fourchette with visible urethral and vaginal orifices. 
+ Dated from last regular menstrual peri 
t Ethinyltestosterone (aahydro-hydroryprogesterone or ethisterone), orally. 
§ Hydroxyprogesterone caproate in oil (Delalutin, Squibb), intramuscularly. 


Fig. 1. Case 1. Complete labioscrotal fusion with urogenital sinus opening at 
the coronal sulcus just beneath the glans. 


Fig. 2. Case 2. Marked fusion of labioscrotal folds with narrow slit-like 
opening of urogenital sinus at base of phallus. 


less than 1 mg. The value of 4.2-8.9 mg. per twenty-four hours found in 
Patient No. 17 at the age of 12 years is not abnormal for a postpuberal 
female. In no patient was there evidence of virilization, such as precocious 
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Fig. 4. Case 13. Only slight labioscrotal 
fusion with crescent-like fold at posterior 
fourchette and visible urethral and vaginal 


Fia. 3. Case 2. Infant aged 6 days. Note orifices. 
masculine appearance of external genitalia. 


growth of pubic hair, acne, excessive statural growth or significantly 
advanced osseous development. 

In 8 cases an exploratory laparotomy was performed and revealed a 
normal uterus and tubes. The ovaries, studied by biopsy, were entirely 
normal. We felt that even without exploration the described findings left 
little doubt of the diagnosis, particularly in patients whose mothers had 
been treated with progestinic steroids. The female chromatin pattern 
excluded male pseudohermaphrodism. Phallic enlargement occurs in some 
cases of gonadal dysplasia in which true gonads are lacking and nests of 
Leydig cells are found in the primitive genital streak (2). However, in all 
cases of this sort which have been reported, the chromatin pattern has been 
male. The possibility that some of the patients in our series may have been 
true hermaphrodites with ovotestes or combinations of ovaries and testes 
cannot be entirely excluded, since Barr has found that among 20 true 
hermaphrodites 15 had female chromatin patterns (3). The exceeding 
rarity of true hermaphrodism makes this possibility unlikely. 

It is particularly noteworthy that the mothers of 18 of the 21 mascu- 
linized female infants had been treated during pregnancy with progestinic 
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substances because of threatened abortion. Most of these mothers had had 
previous abortions. In 15 of the cases, medication known by the trade 
names of Pranone (Schering), Progestoral (Organon) or Lutocylol (Ciba) 
had been given orally. All these compounds represent the same synthetic 
steroid, namely, 17-ethinyltestosterone, ethisterone or anhydrohydroxy- 
progesterone. Medication had been started prior to conception in 1 case 
(No. 19) and between the fourth and tenth weeks after the last menstrual 
period in all the other cases except Nos. 18 and 21. The dosage varied from 
30 to 200 mg. per day. It is of interest that the mothers whose infants 
were most highly masculinized (Patients 1-4) had received the largest 
doses. In addition to the oral progestin, 3 mothers had been given intra- 
muscular injections of progesterone for relatively short periods and 2 
mothers had received weekly injections of 17a-hydroxyprogesterone 
caproate, a long-acting progestin. In 2 additional cases (Nos. 13 and 14) 
the mothers had been treated with intramuscular injections of progesterone 
alone. One of these mothers had received 100 mg. every second day be- 
tween the ninth and eleventh week; we were unable to learn the dosage 
in the other. It should be noted that the administration of estrogens, given 
in some cases in large dases as stilbestrol or ethinyl estradiol, did not pre- 
vent the masculinization. 

In only 3 cases (Nos. 15, 16 and 17) was there no history of the mothers 
having received any steroid during pregnancy. In Patient No. 15, the 


_ pregnancy was apparently uncomplicated and the mother has subsequently 


given birth to a normal child. The mother of Patient No. 16 noted acne 
and moderate facial hirsutism during pregnancy, but these disappeared 
after delivery; she has since given birth to a normal boy. The mother of 
Patient No. 17 had an interesting history (see Addendum); she gained an 
excessive amount of weight during this pregnancy, associated with coarsen- 
ing of the features and deepening of voice. Subsequently she had 7 preg- 
nancies terminating in miscarriages, during each of which there was some 
return of symptoms. The ninth pregnancy, during which these symptoms 
did not reappear, resulted in the birth of a normal girl. 

We are not aware of any previous reports concerning the relation of 
progestinic medication during pregnancy to the masculinization of female 
infants. Since discussing the matter with colleagues, 4 additional cases 
have been brought to our attention by Dr. William A. Reilly of San Fran- 
cisco, Dr. John P. Foxworthy of Grand Rapids, and Dr. Alfred M. Bon- 
giovanni of Philadelphia, who have permitted us to include the data in 
Table 1 and the Addendum. In 3 of these cases the mothers had received 
17-ethinyltestosterone orally. The mother of Dr. Foxworthy’s second pa- 
tient (No. 20) had received intramuscular injections of progesterone be- 
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tween the fourth and seventh weeks. After this she received methyl- 
testosterone, which may have accounted for the masculinization.! 


DIAGNOSIS, PROGNOSIS AND TREATMENT 


These patients may be brought to the attention of the physician because 
the phallic enlargement, either with or without labioscrotal fusion, arouses 
the suspicion of hermaphrodism or because the child is considered to be a 
hypospadic, cryptorchid male. It is important to establish the diagnosis 
with certainty as early in infancy as possible. The diagnostic procedures 
are: 1) study of the sex chromatin pattern in buccal smears or skin biopsy 
specimens; 2) measurement of the 24-hour excretion of urinary 17-keto- 
steroids; 3) both endoscopic and x-ray examination of the vagina or uro- 
genital sinus; and 4) exploratory laparotomy with gonadal biopsy. The 
finding of a female chromatin pattern limits the diagnostic possibilities to 
some form of female pseudohermaphrodism (ovaries ,only) or to true 
hermaphrodism (mixed gonads, male and female). The finding of low 
urinary 17-ketosteroids with absence of signs of progressive virilization 
excludes female pseudohermaphrodism due to congenital adrenal hyper- 
plasia. Endoscopic examinations or urethro-vaginograms should be made 
to determine the exact anatomy of the genital abnormalities as accurately 
as possible. The visualization of a cervix makes the presence of a uterus 
very probable. Finally, to establish the diagnosis beyond all question, 
exploratory laparotomy with biopsies of the gonads is desirable. In view 
of our own experience and the exceeding rarity of true hermaphrodism, 
we do not think that exploration is essential in cases in which there is only 
phallic enlargement without labioscrotal fusion in a child whose mother 
was treated with large amounts of oral progestin during pregnancy. 

When the diagnosis is made in infancy the patients should be raised as 
females irrespective of the structure of the external genitalia. The parents 
can be assured that, without hormonal treatment, the child will develop 
and mature as a normal female and that menstruation will occur. Female 
pseudohermaphrodites with or without adrenal hyperplasia are the only 
hermaphroditic individuals who are capable of pregnancy and child bear- 
ing. In our Patient No. 17, a corpus luteum was found in each ovary. In the 
patients reported by Haynes, Thomas and Wheeler (4) and by Chanis (5), 
normal breast development and menstruation occurred at puberty; and 


1 Since this article was submitted for publication, 4 additional infants whose mothers 
had received 17-ethinyltestosterone orally have been brought to our attention by Dr. 
M. M. Grumbach of New York City, 4 by Dr. A. B. Hayles of the Mayo Clinic, and 
1 by Dr. G. W. Clayton of Houston. Dr. Grumbach has also observed 1 case in which 
the mother received 19-nor-17-ethinyltestosterone, and a similar case has been observed 
in Boston. 
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2 patients reported by Cotté (6) bore normal children after plastic repair 
of the vagina. 

In cases in which labioscrotal fusion has formed a urogenital sinus, 
plastic repair following the procedure of Jones and Jones (7) should be 
carried out, so as to provide an external outlet for the vagina. If the phallus 
is sufficiently enlarged to be conspicuous or cause the child embarrassment, 
it should be amputated. In some of our cases without labial fusion in which 
the phallus was only slightly enlarged and was hidden by the labia majora, 
we have not considered amputation necessary. 

When a patient has been reared as a male until later childhood, a change 
of sex is psychologically hazardous and should not be undertaken except in 
special instances and following intensive individual psychologic appraisal 
(8). In Patient No. 17 who had been considered a cryptorchid male until 
the age of 12 years, we considered it unwise to change ‘‘his’”’ sex. Accord- 
ingly, panhysterectomy, ovariectomy and mastectomy were performed and 
he was treated with testosterone. He is now, at the age of 21 years, doing 
well as a college man and his psychosexual adjustment is masculine. What- 
ever psychosexual problems have arisen are those of a man with a genital 
deformity. 


REVIEW OF THE LITERATURE 


There are relatively few reports of females with ovaries and embryonic 
_ masculinization of the external genitalia in the absence of virilizing adrenal 

hyperplasia. These cases fall into 2 groups: 1) females with partially 
masculinized external genitalia associated with various abnormalities of 
the urinary tract or the anus, and 2) females with partially masculinized 
external genitalia but no other congenital anomalies. 

In the first group are 12 cases. Atkinson and Masson (9) in 1934 de- 
scribed a girl with a phallic urethra, a vesicovaginal fistula, a cloaca, and 
a bicornate uterus. Howard and Hinman (10) in 1951 reported 2 cases with 
phallic urethra and perineal fistula of the urogenital sinus; one of these pa- 
tients had a double vagina and a double uterus. Perloff et al. (11) (1953) 
had a patient with an enlarged phallus and urinary fistulae communicating 
with the vagina and rectum; a twin sister was normal. Papadatos and Klein 
(12) in 1954 described 2 female infants with phallic enlargement and partial 
labioscrotal fusion; one had a dilated right kidney and a hypoplastic left 
kidney, and the other had bilateral hydronephrosis due to ureterovesical 
obstruction. Gross and Meeker (13) in 1955 reported a series of 9 female 
pseudohermaphrodites without adrenal disorders, and included 6 with 
such anomalies as congenital, hypoplastic, non-functioning kidney, 
vesicovaginal fistula, imperforate anus and absence of an ovary and Fallo- 
pian tube on one side. The association of these various congenital anomalies 
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with ambiguous development of the external genitalia cannot be explained 
on the basis of simple hormonal masculinization of the female fetus. The 
fact that the twin sister of Perloff’s patients was normal is evidence against 
this. Wilson and Warkany (14) observed similar anomalies in the offspring 
of rats receiving a diet deficient in vitamin A. 

The second group of 12 cases showing masculinization of the external 
genitalia without other congenital anomalies is of greater interest from the 
standpoint of possible hormonal etiology. These cases are listed in Table 2. 

No hormonal therapy or endocrine dysfunction.. In the earlier reports of 
Haynes, Thomas and Wheeler (4) (1941), Chanis (5) (1942) and Cotté 
(6) (1947) (2 cases) no mention is made of the mothers having received 
any hormonal therapy or manifesting any clinical abnormality during 
pregnancy. It is of interest that 3 of these 4 patients had been mistaken 
for males and were reared as such. At puberty breasts developed and 
menstruation occurred. At the age of 43 years the patient of Haynes, 
Thomas and Wheeler had the ovaries, tubes and uterus removed and 
continued as a male. The patient of Chanis had married as a male at the 


TABLE 2. PREVIOUS REPORTS OF FEMALE PSEUDOHERMAPHRODITES 
WITHOUT ADRENAL HYPERPLASIA* 


Age of 
sent | 
Case Reports Seca of Genital abnormality Maternal factors 
studied 
Haynes, et al. 1941 (4) 43 yrs. M Phallus + ? 
Chanis, 1942 (5) 17 yrs. | M_ | Phallus +;labioscrotal fusion + ? 
Cotté, 1947 (6)—Case 1 16 yrs. | MF | Phallus +; labioscrotal fusion + ? 
Case 2 25 yrs. F Phallus +; labioscrotal fusion + ? 
Bretnall, 1945 (15) Neonatal F Phallus +; labioscrotal fusion + | Mother had arrhenoblastoma 
Zander & Miller, 1953 (16) Neonatal F Phallus + 17-Methylandrostenediol 
Hoffman et a!., 1955 (17) Neonatal F Phallus + Testosterone enanthate 


Hayles & Nolan, 1957 (18) Neonatal F Phallus +; labioscrotal fusion + | 17-Methyltestosterone 


Grunwaldt & Bates, 1957 (19) | Neonatal F Phallic urethra; complete labio- 17-Methyltestosterone 
scrotal fusion 


Gross and Meeker, 1955 (13)t 


Case 1 Neonatal F Phallus +; labioscrotal fusion + | 17-Ethinyltestosterone 
throughout pregnancy (dose 
not known) 

Case 2 20 mos. F Phallus +; labioscrotal fusion + | None stated in history 

Case 3 11} yrs. M Phallus +; labioscrotal fusion None stated in history 


* This table includes only cases of simple fetal masculinization without other genitourinary anomalies. 

+ Gross and Meeker’s report lists 9 cases—6 with extensive genitourinary anomalies, and the 3 cases of simple 
masculinization in this table. 

The histories were reviewed by Dr. John F. Crigler of the Childrens Hospital, Boston. 
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age of 16 years, in spite of breasts and menstruation; at 18 years the uterus 
and breasts were removed and the patient continued as a male. The first 
patient of Cotté’s had been reared as a male; after an exploratory laparot- 
omy, a vaginoplasty was performed; she then assumed the role of a woman 
and gave birth to 2 children. The second patient, raised as a girl, under- 
went vaginal repair at the age of 25 and two years later had a normal 
pregnancy. 

Arrhenoblastoma. There is 1 report of a masculinized infant born to a 
mother who had an arrhenoblastoma during pregnancy. In 1945 Bretnall 
(15) described a 26-year-old woman who was seen when six months preg- 
nant. She had an enlarged clitoris, excessive hirsutism of the face, ab- 
domen and extremities, and renal glycosuria. A tumor was felt in the right 
adnexal region. In the thirty-seventh week, a cesarean section was per- 
formed and a tumor was removed which proved to be an arrhenoblastoma. 
The child weighed 2970 grams and had an enlarged phallus and labio- 
scrotal fusion with the opening of the urogenital sinus at the base of the 
phallus. On the fourth day after birth and again at the fourth week and the 
eighth week, there was bleeding from the urogenital sinus. At the age of 3 
years exploratory laparotomy revealed a normal uterus, tubes and ovaries. 
Hight years later the mother gave birth to a normal boy. 

Androgen therapy. There are now 4 reports of masculinization of the 
female fetus due to administration of an androgenic steroid to the preg- 
- nant mother. In the case of Zander and Miiller (16) the mother was given 
17-methylandrostenediol, 100 mg. intramuscularly twice a week, because 
of sarcoma of the breast. This was begun at the fifth month of pregnancy 
and continued until term, making a total dose of 3200 mg. The mother 
noticed slight huskiness of the voice. The infant had phallic enlargement 
without labioscrotal fusion. Dr. Alfred M. Bongiovanni (personal com- 
munication, unpublished) has observed a similar case in which the mother, 
because of “‘weakness and low blood pressure,”’ was given weekly intra- 
muscular injections of 50 mg. of methylandrostenediol from the tenth week 
to the eighth month of pregnancy. The infant had an enlarged phallus 
with a urogenital sinus opening at its base. The mother of Hoffman, Over- 
zier and Uhde’s patient (17) had been treated by a dermatologist because 
of itching of the skin and received a total of 845 mg. of testosterone en- 
anthate by injection twice monthly beginning at the fourth month of 
pregnancy and continuing to term. In addition she received 112 mg. of 
methyltestosterone orally during the last month. Her voice became husky. 
The female infant had an enlarged phallus with a swollen prepuce and 
labia majora but no labioscrotal fusion. Hayles and Nolan (18) reported a 
female infant with an enlarged phallus and marked labioscrotal fusion 
forming a median raphe, with a urogenital sinus opening at the base of the 
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phalius. Because of alopecia the mother had been given methyltesto- 
sterone linguets, 20 mg. daily, beginning at the seventh week and con- 
tinuing throughout pregnancy to a total of 1500 mg. She had deepening 
of the voice, hirsutism and clitoral enlargement. Grunwaldt and Bates 
(19) described an infant having complete labioscrotal fusion with a uro- 
genital sinus opening at the tip of a small phallus. Because the mother 
had nausea of pregnancy her obstetrician had prescribed 30 mg. of methyl- 
testosterone daily at the eleventh week.? After one month the mother’s 
voice became deep and she refused to take further medication. 

Progestin therapy. Dr. John F. Crigler, Jr. of Children’s Hospital, Boston, 
recently reviewed the histories of 9 female pseudohermaphrodites reported 
by Gross and Meeker (13) and found that in only 3 cases was there simple 
masculinization without other congenital anomalies.'The mother of 1 of 
these patients had had 3 miscarriages previously and had been given 17- 
ethinyltestosterone (Lutocylol linguets) throughout prégnancy, but the 
dose was not known. 

Thus, there have been reported 12 cases of intrauterine masculinization 
of female infants, without other congenital anomalies. In 6 cases there was 
no history indicating that the mother had received any hormonal therapy 
or had any endocrine dysfunction during gestation. In 1 case a mother 
had an arrhenoblastoma during pregnancy. In 4 cases mothers had received 
an androgenic steroid such as testosterone enanthate, 17-methyltesto- 
sterone or 17-methylandrostenediol. In 1 of Gross and Meeker’s cases, 
the mother had received unknown amounts of 17-ethinyltestosterone 


throughout pregnancy. 


DISCUSSION OF PROBABLE ETIOLOGY 


Castration of very young embryos has shown that when gonads are 
absent the genital ducts and external genitalia always differentiate along 
female lines (20). Fetal testes, or at least the medullary component of thie 
fetal gonad, must be present and capable of secreting “male organizing 
substance” before masculine differentiation of the ducts and genitalia 
ean occur. The injection of androgenic steroids into pregnant animals or 
into newborn opossums causes partial masculinization of the external 
genitalia and partial development of some of the Wolffian structures of 
the female embryos but does not cause disappearance of the Miillerian 
structures (1, 20). 

In females with normal ovaries, male development must depend upon 


2 Dr. Thomas E. Cone who examined this infant later at the U. S. Naval Hospital, 
Bethesda, Maryland, reviewed the history carefully with the mother and ascertained 
that the treatment was begun at the eleventh week after the last menstrual period. 
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masculinizing hormones of some sort. In females with congenital adrenal 
hyperplasia, phallic enlargement and labioscrotal fusion are obviously due 
to excessive secretion of androgenic hormones by the abnormal fetal 
adrenals. No cases have been reported in which masculinization of the 
genital ducts has occurred. It is probable that phallic enlargement can 
result from androgens at any stage of fetal or postnatal life. When labio- 
scrotal fusion is present, it seems probable that there was androgenic ac- 
tivity before the stage of fetal development when female differentiation 
of the external genitalia is completed. In the normal male the penile 
urethra becomes fused as far as the glans by the fourteenth week, and in the 
female the vulval vestibule containing the orifices of the urethra and vagina 
is completely formed by the twentieth week (2). 

In none of the patients we are reporting was there any evidence of ex- 
cessive androgen secretion or other adrenal abnormality after birth. The 
possibility that the fetal adrenals may have secreted excessive amounts of 
androgen temporarily during the critical period of sex differentiation 
cannot be excluded, but seems improbable. The possibility that the fetal 
ovaries were the source of androgen cannot be excluded, although this 
condition has never been demonstrated. That these patients secrete nor- 
mal ovarian hormones after puberty is indicated by: a) the findings in 
Patient No. 17; b) the occurrence of normal female development in the 
cases of Haynes et al. (4) and Chanis (5); and ce) pregnancy in the patient 
reported by Cotté (6). There is no evidence that estrogens can be con- 
verted to androgen in the body, although the reverse has been demon- 
strated (21). It seems probable therefore that the masculinization was due 
to a maternal, rather than a fetal source of androgen. 

In the cases in which female infants were born to mothers who had re- 
ceived testosterone or other androgenic steroids during pregnancy, it 
‘seems probable that the steroid crossed the placental barrier and caused 
masculinization of the external genitalia. These mothers had shown mild 
evidences of virilization. The masculinization of the female infant born 
to the mother with virilism due to an arrhenoblastoma is similarly under- 
standable. 

In the series of 21 cases which we are reporting, 15 mothers had been 
treated with 17-ethinyltestosterone because of threatened or previous 
- abortions. In recent years this synthetic steroid, known otherwise as 
ethisterone, anhydrohydroxyprogesterone or pregneninolone, has been 
sold under various trade names as an “oral progesterone.’’ Chemically, it 
is related to 17-methyltestosterone and to 17-a-hydroxyprogesterone, but 
because the OH is in the beta position it is more closely allied to the 
former (Fig. 5). 


| 
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YY 
17-a-methyltestosterone 17-a-ethinyltestosterone 17-a-hydroxyprogesterone 


(anhydro-6-hydroxy progesterone) 


Fig. 5. Structure of 17-ethinyltestosterone compared to that of 17-methyltesto- 
sterone and 17-hydroxyprogesterone. 


There is evidence that 17-ethinyltestosterone has androgenic activity, 
especially when administered orally. In 1942 Regnier (22) noted that it 
caused masculinization of female fish of the species Lebister reticulatus 
when present in the tank water in the concentration of 0.0008 mg. per 
liter. Androgenic effects were observed in the rat and chick by Courrier 
and Jost (23), and in the castrated mouse by Courrier and Bennetz (24). 
Jost (25) noted that in the female rabbit 5 mg. of 17-ethinyltestosterone 
daily for ten to twenty-three days caused hypertrophy of the clitoris and 
separation of the balanopreputial fold. Witschi (26) reported that when 
17-ethinyltestosterone in concentrations as low as 0.01 to 1.0 ug. per liter 
is dissolved in the water of aquaria containing the larvae of Rana sylvatica, 
there is a masculinizing action on sex differentiation. Recent assays made 
under the auspices of the Cancer Chemotherapy Natienal Service Center 
of the National Cancer Institute (27) show that, when injected subcu- 
taneously, 17-ethinyltestosterone has 7 per cent of the activity of testo- 
sterone on both the prostate and the seminal vesicles of the castrated rat. 

Recently a new steroid, 17-ethinyl-19-nortestosterone, has been intro- 
duced as an oral progestin and is said to have five times the potency of 
progesterone. Assays carried out at the Cancer Chemotherapy Service 
Center (27) on the castrated rat indicate that this has 20 per cent of 
the potency of testosterone on the basis of the prostate reaction, and 113 
per cent on the basis of the seminal vesicle response. In our clinic we 
administered this compound in doses of 20 mg. daily for three months to a 
sexually infantile girl of 19 years and observed definite deepening of the 
voice, considerable acne, increased muscular development and _ slight 
clitoral enlargement. 

Nothing is known concerning the metabolic products of these synthetic 
steroids or of the mode in which they are transported in the blood. Ac- 
cordingly it cannot be surmised whether they cross the placenta unchanged 
or whether they are converted to some androgenic substance which causes 
fetal masculinization. It is possible that fetal masculinization may occur 
only in the offspring of mothers who metabolize the progestinic steroids 
abnormally. 


| 
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In 2 cases of our series the mothers were treated with intramuscular 
injections of progesterone alone. In another case observed by Foxworthy 
the mother received methyltestosterone in addition. In our Patient No. 13, 
the dose of progesterone was 100 mg. every second day from the ninth to 
the eleventh week. We were unable to obtain exact data concerning Pa- 
tient No. 14. There is some evidence that progesterone may have andro- 
genic properties under certain circumstances. Burroughs (28) in 1936 
showed that, like androgen, it protected rat prostates and seminal vesicles 
from the effects of estrogen. Greene, Burrill and Ivy (29) found that pro- 
gesterone caused enlargement of the clitoris in female rats and maintained 
the weight and secretory activity of the prostate in male rats after castra- 
tion. Greene, Burrill and Thomson (30) reported that 2 mg. of progesterone 
daily for ten days caused a fourfold increase in the weight of the prostate 
in immature and in adrenalectomized castrated rats. In 1942 Clausen 
(31) demonstrated that daily subcutaneous injections of 1 mg. of proges- 
terone for twelve days in castrated guinea pigs caused an increase in the 
-weight of the prostate and seminal vesicles and in the height of their 
epithelial cells. 

There is evidence that the biologic properties of some steroids may vary 
with their route of administration. Dorfman (26) states that 17-a-hy- 
droxyprogesterone, although inactive when injected subcutaneously in 
chicks or applied directly to the capon comb, has distinct androgenic 
activity when administered by mixing with animal feed. He believes that 
when administered orally it is probably oxidatively converted to A‘- 
androstenedione or androsterone. 17-a-Hydroxyprogesterone caproate in 
oil, advocated as a long-acting progestin, is administered intramuscularly. 

It should be noted that estrogenic substances such as stilbestrol and 
ethinyl estradiol, even when given in large doses to some of our patients, 
did not protect them from the possible virilizing effects of 17-ethinyl- 
testosterone. 

It is surprising that the association of female pseudohermaphrodism 
in the infant with the administration of progestins during gestation has not 
been noted previously. It is possible that slight phallic enlargement without 
labioscrotal fusion might escape attention, but more extensive masculiniza- 
tion with formation of a urogenital sinus could scarcely be missed. Since 
during the past fifteen years both oral and intramuscular progestins have 
been used very extensively during gestation for threatened or habitual 
abortion and have been given to pregnant diabetic mothers, it would seem 
that the masculinizing effects on the female fetus of such steroids are 
manifested only occasionally. Furthermore, progesterone is secreted 
normally by the corpus luteum and the placenta in large amounts during 
pregnancy. It is necessary to postulate, therefore, that the mothers who 
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give birth to affected infants may differ in some way from the others. 
One possibility is that in such cases there may be abnormal permeability 
of the placental barrier to these steroids. Another possibility is that the 
mothers of the affected infants may metabolize or degrade progesterone 
or ethinyltestosterone in an abnormal manner. It is known that virilizing 
adrenal hyperplasia is due to defects in the hydroxylating enzymes in- 
volved in the conversion of progesterone to hydrocortisone—the end- 
result being an increase in the formation of androgenic steroids (1, 32). 
The trait is manifested clinically only in homozygous children; their hetero- 
zygous parents appear to be normal. Childs, Grumbach and van Wyk (33) 
have calculated that heterozygous individuals may be present in a fre- 
quency of 1:125 in the general population. It is of interest to speculate 
whether mothers who give birth to masculinized females after being 
treated with progesterone may be heterozygous carriers of the trait, where- 
as the fathers do not have this trait. 

In the 3 cases of our series (Nos. 15, 16 and 17) in which the mothers 
received no steroid therapy during pregnancy, the etiology of the fetal 
masculinization is even more obscure. There is still a possibility of abnor- 
mal metabolism of maternal or placental hormones during pregnancy. Two 
of the mothers had suggestive evidence of increased androgenic secretion 
during pregnancy. The mother of Patient No. 16 had acne and increased 
growth of facial hair, which disappeared after delivery. The mother of 
Patient No. 17 noted an excessive gain in weight, deepening of her voice 
and coarsening of her features during this pregnancy and 7 subsequent 
miscarriages; the ninth pregnancy which was not accompanied by these 
symptoms resulted in the birth of a normal girl. 

From the standpoint of the practice of obstetrics, the fact that oral or 
intramuscular progestins may occasionally cause partial masculinization 
of the female fetus does not indicate by any means that these steroids 
should be abandoned in the treatment of habitual or threatened abortion. 
It is probable that most of the patients we have studied would never have 
been born without their use. These children show no progressive virilization 
postnatally and eventually mature as normal fertile females. In-many pa- 
tients the genital abnormality is so slight as to require no correction. In 
even the most severe cases, surgical correction is relatively simple. It is 
most important, however, to recognize that marked masculinization of the 
external genitalia may occur in the female offspring of mothers who have 
received progestins during gestation. Whenever any abnormality is found, 
careful studies should be made to arrive at the correct diagnosis, to ex- 
clude the possibility of the adrenogenital syndrome and other types of 
hermaphrodism, and to avoid a mistake in deciding upon the sex of rear- 


i 
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ing. In some of our more severe cases, exceedingly large doses of oral pro- 
gestin were begun at a very early stage of gestation. It is possible that the 
condition can be avoided by using smaller doses and deferring, if possible, 
their administration until after the tenth week of pregnancy. It would be 
most desirable to obtain more information concerning the paths of deg- 
radation and placental transmission of synthetic steroids and to deter- 
mine whether some women metabolize progestinic steroids abnormally. 
The possibility should be excluded that some of the newer synthetic 
steroids may be even more androgenic than those now in use. 
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ADDENDUM—ABSTRACTS OF CASES 
Case 1, N.T. (B-47878) 

The mother, aged 37 years, had a ‘rheumatic heart” since childhood. Four years be- 
fore the birth of the patient she had a myomectomy because of a large fibroid. She had 
had no previous pregnancies. The last regular menstrual period was on January 30, 
1957. At the end of February there was a little irregular bleeding. Pregnancy was diag- 
nosed at this time by results of a urinary gonadotropin test. Because of the threatened 
abortion, therapy was instituted with an oral progestin, 17-ethinyltestosterone (ethister- 
one), 200 mg. daily. At the same time the patient received a single intramuscular injec- 
tion of 50 mg. of 17a-hydroxyprogesterone caproate in oil (Delalutin, Squibb). The 17- 
ethinyltestosterone was continued until the twentieth week of pregnancy. Ten days prior 


June, 1958 NON-ADRENAL FEMALE PSEUDOHERMAPHRODISM 577 


to term, a cesarean section was performed because of the mother’s cardiac condition and 
previous myomectomy. At operation an occult uterine rupture was discovered. Following 
delivery of the infant, the obstetrician performed an emergency subtotal hysterectomy. 

The infant weighed 3050 Gm. at birth and seemed healthy and vigorous. The phallus 
resembled a small penis, measuring 1.5 X0.5 cm. A glans was visible and showed a central 
slight cleft. A urethral meatus was situated at the corona just below the glans (Fig. 1, A 
and B). No other orifice was present. There was complete fusion of the labioscrotal folds, 
forming a median raphe and an appearance of an empty scrotum. No gonads were palpa- 
ble. On the day of birth a buccal smear was made, and the cells showed a female nuclear 
chromatin pattern. It was decided to raise the infant as a female. 

At the age of 7 weeks, additional studies were made. The urinary 17-ketosteroids were 
0.2 mg. per twenty-four hours. On rectal examination a normal infantile uterus was felt. 
A sound failed to demonstrate a communication with the vagina. An incision was made 
from the meatus of the urethra to the posterior end of the labial folds so as to construct a 
vulval sulcus, and the phallus was removed. 


Case 2, V.H. (B-18422) 

In 1936 at the age of 17 years the mother had given birth to a normal girl. Subse- 
quently she married a second time and had 4 spontaneous miscarriages between 1944 
and 1951. In 1953 she gave birth to a normal boy and during this pregnancy she was 
treated intensively with progesterone (form not known) for the first twenty weeks The 
last menstrual period of the seventh pregnancy, which eventuated in the birth of the 
patient, was on June 1, 1954. The oral administration of 17-ethinyltestosterone (Pro- 
gestoral, Organon) was begun on June 30 in a dosage of 50 mg. daily. The dosage was 
gradually increased to 200 mg. daily by September 15. Between September 15 and Octo- 
ber 1 she was given in addition daily intramuscular injections of 25 to 50 mg. of pro- 
gesterone. After this, medication was gradually decreased and was discontinued on 
' January 18, 1955. The child was born March 8, 1955 and weighed 4320 Gm. The mother 
had no symptoms of virilization. 

The infant’s phallus measured 1.8 X0.8 cm. The corpus and glans were well developed. 
There was marked labioscrotal fusion, leaving only a single slit-like orifice at the base of 
the phallus (Figs. 2 and 3). No gonads were palpable. On rectal examination the uterus 
was palpable and considerable whitish discharge containing estrinized vaginal epithelium 
was expressed from the urogenital sinus. The chromatin pattern in the cells of a skin 
biopsy specimen was female. During the first ten days the urinary 17-ketosteroids 
varied between 1.0 and 1.6 mg. per twenty-four hours but by the sixth week they had 
decreased to 0.6—0.8 mg. per twenty-four hours. A diagnosis of female pseudoherma- 
phrodism was made and the child was reared as a female. At the age of 13 months the 
diagnosis was confirmed by exploratory laparotomy, which revealed normal female 
organs and ovaries—verified by biopsy findings. Excision of the clitoris and plastic 
correction of the labioscrotal fusion were performed. There was no evidence of progres- 
sive virilization. 


Case 3, J.S. (B-36637) 

The mother’s first pregnancy resulted in a miscarriage at the third month. She re- 
married and had another miscarriage at the fourth month. The last menstrual period 
before the third pregnancy, which resulted in the birth of the patient, was on December 
2, 1954. Oral treatment with 17-ethinyltestosterone (Pranone, Schering), 150 mg. daily, 
was'started’on January 10, 1955. Because of bleeding, she was given also intramuscular in- 
jections of, progesterone in oil (Proluton, Schering), 100 mg. daily, on four successive days 
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(January 27-30), and the bleeding stopped. On March 1, 1955 the dosage of ethinyl- 
testosterone was increased to 200 mg. daily, and was continued at this level until the 
end of the eighth month of gestation. She was also given 1 grain (60 mg.) of desiccated 
thyroid daily. The mother showed no signs of virilization. The child was born September 
10, 1955 and weighed 3770 Gm. 

The infant’s genitalia were noted to be ambiguous at birth. Skin biopsy revealed a 
female chromatin pattern in the cells and at 7 weeks of age the urinary 17-ketosteroids 
were 0.2 to 0.5 mg. per twenty-four hours. The child was referred to our Endocrine 
Clinic at the age of 15 months. At this time the phallus measured 1.3 X0.5 cm. There was 
marked labioscrota] fusion with the formation of a well defined median raphe and a single 
small orifice of a urogenital sinus at the base of the phallus: An infantile uterus was felt 
by rectum. The female chromatin pattern was confirmed upon examination of a buccal 
smear. The 17-ketosteroid excretion was 0.6-0.7 mg. per twenty-four hours. There were 
no signs of progressive virilization. The height-age was 21 months. At 17 months an 
exploratory laparotomy revealed female internal genitalia and ovaries—confirmed by 
biopsy findings. The enlarged clitoris was removed; and the fused labioscrotal folds were 
divided, thus providing an external orifice for the vagina. 


Case 4, T.M. (B-48047) 

The mother’s first 3 pregnancies in 1949, 1951 and 1953 resulted in miscarriages. In 
1955 she gave birth to a normal girl after having received both oral and intramuscular 
progestinic steroids. The last menstrual period before the fourth pregnancy was on 
March 7, 1957. At the time of the first missed period, oral treatment with 200 mg. 
daily of 17-ethinyltestosterone (Pranone, Schering) was begun and continued to the end 
of the fifth month. At the same time she was given weekly intramuscular injections of 
250 mg. of Delalutin (a long-acting progestin consisting of 17a-hydroxyprogesterone 
caproate in oil) until the sixteenth week. The infant was born on December 12, 1957 
and weighed 2600 Gm. 

At birth the child had a phallus measuring 1.30.5 em. A definite corpus was pal- 
pable, its ventral surface being covered with mucous membrane. The labioscrotal folds 
were fused as far as the base of the phallus, where there was a single small meatus. No 
gonads were palpable. Examination of a buccal smear showed a female nuclear chromatin 
pattern. Endoscopic examination made through the hypospadic orifice revealed a com- 
municating vagina, and the cervix was visualized. Urinary 17-ketosteroid excretion, 
determined on the thirty-fourth day of life, was 0.7 mg. per twenty-four hours. A cor- 
rective operation was planned for a later date. 


Case 5, A.W. (B-42817) 


The mother had given birth to a normal boy in 1945 and a girl in 1948. She had a 
miscarriage at 6 weeks in 1951. The fourth pregnancy resulted in the birth of the patient 
in Guam on September 6, 1952. She then had a miscarriage in February 1953, and gave 
birth to identical male twins in 1954. There was a miscarriage in 1955, the birth of a 
normal girl in 1956, and another miscarriage in 1957. The last menstrual period before 
the pregnancy which resulted in the birth of the patient was on November 24, 1951. 
Because spotting continued for the next few weeks, the oral administration of a pro- 
gestin and stilbestrol was begun. On February 1, 1952, she was receiving 17-ethinyl- 
testosterone (Progestoral, Organon) orally, 100 mg. daily, and stilbestrol, 40 mg. daily. 
On May 26, 1952, the doses were changed to Progestoral 80 mg. and stilbestrol 120 mg. 
daily. This was continued until delivery on September 6, 1952. The infant weighed 3360 
Gm. at birth. 
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The mother’s attention was not attracted by the enlargement of the phallus until the 
child was over 2 years of age. Studies were then made at the U. S. Naval Hospital at 
Bethesda and at the age of 43 years she was referred to us for consultation. The phallus 
measured 2.50.9 cm., with a definite corpus and glans. There was no labial fusion 
except for a slight fold at the posterior fourchette. The urethral and vaginal orifices 
were normally located. The uterus was not palpable on rectal examination. The buccal 
smear showed cells with female type chromatin. The urinary 17-ketosteroids were 0.2 
mg. per twenty-four hours. There were no signs of progressive virilization. The height- 
age was normal and the bone-age was 6 years. No surgical procedures were undertaken. 


Case 6, C.C. (B-30012) 


In 1948 the mother had given birth to a normal boy and in 1949 she had a miscarriage 
at 6 weeks. The last fuil menstrual period before the present pregnancy was June 19, 1952 
but she bled for two days late in July. On September 17, 1952, the obstetrician pre- 
scribed an oral preparation of progesterone in a dosage of 10 mg. three times daily (30 
mg. daily). The preparation was probably 17-ethinyltestosterone, but the trade name is 
not known. In addition she was given thyroid and vitamin E. Medication was continued 
for the next four months. The mother showed no evidence of virilization. 

The child was born March 6, 1953, weighing 2360 Gm., and was raised as a girl al- 
‘though the parents had grave doubts about her sex because of clitoral enlargement. She 
was not brought for examination until she was 38 months of age. At that time the clitoris 
measured 2.00.8 cm., with a definitely palpable corpus and visible glans. The only 
evidence of labioscrotal fusion was a thin fold of skin at the posterior fourchette. Sep- 
arate urethral and vaginal orifices were visible. The cells in a buccal smear showed female 
type nuclear chromatin. Urinary 17-ketosteroid excretion was 1.9 mg. per twenty-four 
hours. Her height was average for her age and there were no signs of virilism. Explor- 
atory laparotomy was not performed. 


Case 7, R.S. (A-83031) 


The mother, who had diabetes mellitus, had previously had a stillbirth at term. Be- 
cause of this, during the next pregnancy oral treatment with 17-ethinyltestosterone 
(Pranone, Schering) in a dosage of 30 mg. daily was instituted at about the tenth 

week. She was also given ethinyl estradiol (Estinyl, Schering), 0.1 mg. daily. These 
steroids were continued until term, when she was delivered by cesarean section of an 
infant weighing 2910 Gm. The mother showed no signs of virilism. 

At birth the phallus was sufficiently enlarged to attract the attention of the pedia- 
trician, who referred the infant to us. The phallus measured 1.50.8 cm. and a corpus 
was palpable. There was no labial fusion except for a slight fold of skin at the posterior 
fourchette. A normal introitus with separate urethral and vaginal orifices was present. 
The sex chromatin in the cells of the buccal smear was female. At the age of 4 weeks the 
24-hour urinary excretion of 17-ketosteroids was 1.2 mg., and at 14 months it was 0.3- 
0.8 mg. At 14 months the bone-age was 2} years, but the height was normal at 14 months 
and at 6 years and no virilization occurred. Operation was considered unnecessary. 


Case 8, R.S. (B-42697) 


The mother, who lived in Mexico, previously had had 3 miscarriages in the third or 
fourth month of pregnancy. Because of this, when she became pregnant the fourth time, 
treatment with “oral progesterone” tablets together with stilbestrol and cortisone was 
begun during the sixth week after the last menstrual period and continued through the 
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eighth month. We were unable to learn from the obstetrician the exact preparations and 
doses used, but it seems probable that the oral progestin was 17-ethinyltestosterone, 10 
mg. four times daily. The child was born August 28, 1955, and weighed 2975 Gm. 

An enlarged phallus was noted at birth, causing the mother great anxiety. The child 
was referred for consultation at 23 months of age. The phallus measured 1.3 X0.7 cm. and 
was rather soft and fleshy with only a small corpus. There was no labioscrotal fusion ex- 
cept for a thin fold at the posterior fourchette. The urethral and vaginal orifices were 
normal. Endoscopy revealed a cervix at the vault of the vagina. A buccal smear showed 
cells with a female chromatin pattern. Urinary 17-ketosteroids were 0.2-0.3 mg. per 
twenty-four hours. Although operation was not considered necessary, the clitoris was 
removed at the insistence of the parents. ; 


Case 9, E.P. (B-43636) 


The mother had miscarriages in 1949 and 1950. She gave birth to a normal boy in 
1952 and a girl in 1954. Another miscarriage, in the third month of pregnancy, occurred 
in 1956. The mother received thyroid but no steroids during the previous successful 
pregnancies, and continued the thyroid therapy thereafter. The last menstrual period 
preceding the pregnancy which resulted in the birth of the patient was on November 
14, 1956. After the first missed period, stilbestrol (30 mg. daily) was started. On January 
1, 1957, oral administration of ethinyltestosterone (Lutocylol, Ciba) was begun in a dosage 
of 40 mg. daily, because of spotting which stopped a week later. At about the fourth 
month, because of more bleeding, she was given additional treatment with intramuscular 
progesterone (25 mg. daily for seven days). Because of recurrent intermittent bleeding, 
ethinyltestosterone (30 mg. daily) was continued during the remainder of pregnancy. 

The child weighed 2680 Gm. at birth. The phallus was only very slightly enlarged 
(1.00.3 cm.) and consisted principally of redundant prepuce without a definite corpus 
or palpable glans. There was, however, slight fusion of the labioscrotal folds, consisting 
of a crescent-like fold at the posterior fourchette. The cells in a buccal smear showed a 
female nuclear chromatin pattern. The urinary 17-ketosteroids were 0.4 mg. per twenty- 
four hours. 


Case 10, R.M. (B-43844) 


During her first pregnancy in 1948 the mother had had a myomectomy, following 
which abortion occurred. During the next pregnancy in 1950 there was some “‘spotting” 
during the second month; treatment with an “oral preparation of progesterone’ and 
with stilbestrol was begun, and continued until delivery. We were unable to learn from 
the Army hospital where she was delivered, the exact preparations and doses that were 
used. The mother noted no change of voice or hirsutism, but she had slight brown pig- 
mentation on her abdomen. The infant was born on September 9, 1950, and weighed 
2610 Gm. 

The parents noted an enlarged clitoris at birth and consulted pediatricians, who re- 
assured them. They consulted a urologist when the child was 5 months old, but they 
continued to be disturbed and brought her to our clinic at the age of 7 years. At this 
time her height and somatic development were normal. There were no signs of viriliza- 
tion. The phallus measured 2.5 X0.8 cm., with a fairly well developed corpus and glans. 
There was no labioscrotal fusion and the urethral and vaginal orifices were normally 
located. An infantile uterus was felt by rectum. The cells of a buccal smear showed a 
female chromatin pattern. The urinary 17-ketosteroids were 0.6 mg. per twenty-four 
hours. Operation was not considered necessary. 
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Case 11, D.D. (B-30519) 


The mother had had a previous miscarriage at the fifth month of pregnancy. The 
last menstrual period was on September 26, 1953. During the first three weeks of the sec- 
ond pregnancy she had minimal spotting. On November 1, 1953, 17-ethinyltestosterone 
(Progestoral, Organon) was prescribed in a dosage of 40 mg. daily. She was given also 
“small amounts” of stilbestrol and thyroid. These were continued until delivery, which 
resulted on July 20, 1954 in the birth of an infant weighing 3270 Gm. 

The mother’s attention was not attracted to clitoral enlargement until the infant was 
12 months of age, but she thought it might have been present since birth. At the age of 
22 months the infant was referred for consultation. The clitoris measured 1.8 X0.4 cm., 
and the corpus and glans were palpable. There was no labioscrotal fusion. Normal 
urethral and vaginal orifices were present. The cells of a buccal smear showed a female 
chromatin pattern. The urinary 17-ketosteroids were 0.6—1.3 mg. per twenty-four hours. 
The height was normal, and the bone age was 30 months. There was no evidence of 
virilization. No operation was performed. 

The mother subsequently gave birth to a normal girl, having received no steroid 
medication during pregnancy. 


Case 12, K.S. (B-34693) 

~The mother’s first pregnancies in 1948 and 1951 resulted in the birth of a normal boy 
and girl. The third miscarried at 43 months in spite of the oral administration of ethinyl- 
testosterone (Pranone, Schering), 10 mg. four times a day. The last menstrual period pre- 
ceding the fourth pregnancy was on April 21, 1952. On June 10, oral medication with 17- 
ethinyltestosterone (Pranone, Schering) in a dosage of 20 mg. daily was begun. After 
several days, because of vaginal bleeding, the dosage of Pranone was increased to 40 
mg. daily and this was continued for the next seven months. Three weeks later, because 
~ of continued bleeding, stilbestol was prescribed in a dosage of 100 mg. daily (continued 
for six months). The bleeding stopped. The mother showed no signs of increased virilism 
although she had always had some acne and hirsutism. The infant was born on January 
25, 1953, and weighed 3410 Gm. 

The parents were concerned because of an enlarged clitoris. The child was referred 
to our clinic at the age of 46 months. Her growth had been normal and there were no 
signs of progressive virilism. The phallus was moderately but definitely enlarged, meas- 
uring 1.30.5 em., with a palpable corpus and glans. There was no labioscrotal fusion, 
and separate urethral and vaginal orifices were normally located. The cells of a buccal 
smear showed a female chromatin. pattern. The urinary 17-ketosteroids were 0.3 mg. 
per twenty-four hours. Surgical correction was considered unnecessary. 


Case 18, P.D. (B-10041) 


The mother’s first pregnancy had been ectopic—removed at the second month. 
During her second pregnancy, which had terminated in the birth of a normal girl on 
July 11, 1948, she had received ethinyltestosterone (Pranone, Schering) 10 mg. by mouth 
daily from December 5, 1947 to February 16, 1948. It was believed that a third preg- 
nancy had resulted in a miscarriage at two months. In the fourth pregnancy in 1950 
she had been given 3 grain (30 mg.) of thyroid and 10 mg. of stilbestrol daily, and she had 
delivered a normal full-term girl. The fifth pregnancy had resulted in a miscarriage at two 
months. The last menstrual period preceding the pregnancy resulting in the birth of the 
patient was on December 8, 1951. On February 6, 1952, thyroid was prescribed in a dos- 
age of 3 grain (30 mg.) daily and intramuscular injections of progesterone (100 mg.) were 
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begun and repeated every other day for only six doses. On April 28, treatment with 10 
mg. of stilbestrol daily was begun, and continued until delivery on September 2, 1952. 
The mother showed no signs of virilism. The infant weighed 2410 Gm. 

The presence of an enlarged phallus aroused a great deal of conjecture and she was 
referred to our clinic when 19 months of age. The phallus measured 1.8 X0.5 cm., with 
a palpable corpus and a glans. There was slight fusion at the posterior fourchette but 
separate urethral and vaginal orifices were visible (Fig. 4). On rectal examination an 
infantile uterus was palpable. A skin biopsy specimen showed a female chromatin pat- 
tern in the cells. The urinary 17-ketosteroids were 0.4-1.2 mg. per twenty-four hours. 
The height-age and bone-age were normal. Exploratory laparotomy revealed a normal 
uterus, tubes and ovaries—confirmed by biopsy findings. No correction of the abnor- 
malities of the external genitalia was necessary. 


Case 14, M.M. (B-22935) 

The mother, a Cuban, had had a stillbirth in 1943. In 1944 she gave birth to a 7- 
month premature infant who died the first day. Between 1947 and 1951 she had 4 mis- 
carriages between the second and fifth months of pregnancy, but ng abnormality of the 
fetuses was noted. During the seventh pregnancy the mother was kept in bed constantly 
and was threatened with miscarriage on two occasions. She was given intramuscular 
injections of progesterone (Proluton, Schering) and also tablets of stilbestrol. We were 
unable to obtain information concerning the dosage, and duration of treatment. A 
rapid delivery with placenta praevia resulted in the birth of a 2500-Gm. infant on 
October 7, 1952. 

When the child was 34 months old the mother first became alarmed on discovering 
an enlarged clitoris, but the nurse who had taken care of the infant stated that this had 
been present from birth. The child was sent for consultation. The phallus was definitely 
enlarged and measured 2.2 X0.8 em., with a readily palpable corpus and a glans. There 
was no labioscrotal fusion and the urethral and vaginal orifices were normally located. 
In a skin biopsy specimen, the cells showed a female chromatin pattern. The urinary 
17-ketosteroids were 0.7—1.2 mg. per twenty-four hours. The height-age was 42 months 
and the bone-age 45 months. There were no signs of virilization. The parents were re- 
assured and no operation was performed. 


Case 15, C.L., (A-90431) 

The patient was born of a first pregnancy on March 31, 1951. During the first three 
months of this pregnancy the mother had had recurring urinary infections, but she re- 
ceived no hormones at any time. The infant weighed 2600 Gm., was considered a boy, 
and was named and reared as such. At the age of 10 months the child was referred to us 
because of ambiguous genitalia. The phallus measured 2X1 cm. but was soft and fleshy, 
consisting mostly of redundant prepuce. The labioscrotal folds were fused to form a 
median raphe with a single orifice at the base of the phallus. No gonads were palpable. 
On rectal examination a midline structure was felt which was thought to be either a 
uterus or a prostate. The urinary 17-ketosteroids were 0.8 mg. per twenty-four hours. 
The height was normal, and the osseous development ranged between the levels of 1 and 
3 years of age. Urethroscopic examination by Dr. Hugh Jewett did not reveal any com- 
munication with a vagina. At this time studies of sex chromatin were not being made, 
but subsequently in 1955 a skin biopsy showed a female nuclear chromatin pattern. An 
exploratory operation performed by Dr. Jewett revealed a normal uterus, tubes and 
ovaries. Normal ovarian structure was confirmed by biopsy findings. It was decided to 
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change the rearing from boy to girl. At the age of 4 years and 8 months, in November 
1955, a clitorectomy was performed and the fused labioscrotal folds were divided, thus 
providing an exterior outlet for the vagina (surgeon, H. W. J., Jr.). Somatic growth and 
development have been normal and there are no evidences of virilism. 


Case 16, N.H. (B-34604) 

The patient was born of a first pregnancy on August 13, 1952, and weighed 2970 Gm. 
The mother received no hormonal therapy of any kind, but at about the fourth month 
of pregnancy considerable acne had developed over her back, face and shoulders. This 
disappeared after delivery. When she was examined subsequently, no signs of virilism 
were found. 

At birth the child had a phallus measuring 2X1 cm.; it was rather fleshy but a thin 
corpus was palpable. The labioscrotal folds were completely fused in the midline, and a 
single small meatus was situated at the base of the phallus. No gonads were palpable, and 
a uterus could not be felt. At 3 weeks of age an exploratory laparotomy was performed 
in Texas and a normal uterus, tubes and ovaries were found. At 3 months of age, 24-hour 
specimens of urine sent to our laboratory contained 0.3 and 0.7 mg. of 17-ketosterids. 
Because of this we expressed the opinion that the infant did not have virilizing adrenal 
hyperplasia, and no treatment was given. Subsequently a buccal smear showed cells 
with a female nuclear chromatin pattern. In October 1956, at the age of 4 years and 2 
inonths, she was brought to our clinic, where surgical separation of the fused labioscrotal 
folds was undertaken in order to provide an external outlet for the vagina. At this time 
her height-age and bone-age were normal. There were no signs of virilism and urinary 
17-ketosteroids were 0.8 mg. per twenty-four hours. An infantile uterus was palpable 
by rectum, and endoscopic examination of the urogenital sinus revealed a communication 
with the vagina. 

In 1957, following a pregnancy during which no signs of virilism appeared, the mother 
- gave birth to a normal boy. 


Case 17, J.A. (A-66969) 

This patient has been described previously (1) but more recently some interesting 
maternal history has come to light. The patient was born of a first pregnancy on August 
30, 1936. The mother had received no hormonal medication. She now states that she 
had gained 74 pounds and became “bloated all over.” By the end of the second month 
her voice had become so deep that it was mistaken for a man’s. Her features became 
coarse and there was increased facial hair. These changes were sufficient to cause her 
husband to ask the doctor whether she might be turning into a man. Following the 
birth of the patient, the mother had 7 miscarriages and states that during each of these 
pregnancies her face became swollen but her voice did not change. Three of these fetuses 
were identified as males; the sex of the other 4 could not be recognized. The ninth preg- 
nancy in 1954 resulted in the birth of a normal girl. In striking contrast to the previous 
pregnancies she had no “‘swelling,”’ gained only 22 pounds, and enjoyed perfect health 

The patient was considered to be a male with hypospadias and cryptorchidism, and 
was raised as such. At the age of 5 years, he was operated on by Dr. Hugh H. Young 
for correction of the chordee. At 7 years of age he was given methyltestosterone, 30 
mg. daily, for one month. At 10 years breasts began to develop and at 11 years pubic 
hair appeared. Shortly after this he was given methyltestosterone, 30 mg. daily for six 
months. In September 1948 and again in October, at about 12} vears of age, bleeding 
occurred through the hypospadic meatus. At this time, when examined by one of us in 
consultation with Dr. Hugh Jewett, the height-age was 14? years. The breasts were well 
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developed, and 7 cm. in diameter. There was abundant pubic and axillary hair but no 
facial hair. The phallus measured 5.51.7 em. and resembled a hypospadic penis. The 
labioscrotal folds were completely fused, forming a median raphe with a small meatus at 
the base of the phallus. On rectal examination, a uterus of adult size was felt. When this 
was massaged, blood was expelled through the hypospadic meatus. On 3 occasions the 
24-hour urinary excretion of 17-ketosteroids was 8.9, 7.9 and 4.2 mg., respectively. The 
titer of urinary gonadotropin was positive up to 52 mouse units per twenty-four hours. 
A laparotomy was performed by Dr.-Hugh Jewett on December 6, 1948, and revealed a 
uterus, tubes and ovaries of adult size. For psychologic reasons it seemed unwise to 
change the sex of rearing. Accordingly panhysterectomy and ovariectomy were per- 
formed. Microscopic sections showed adult-type ovaries, each containing a well devel- 
oped corpus luteum. There were no traces of testicular structures. Examination of the 
buccal smear was not carried out until 1956; at that time it showed cells with female 
nuclear chromatin. 

Subsequently the patient was maintained by administration of methyltestosterone, and 
later by injections of depot-testosterone. Bilateral mastectomy was performed. He has 
continued to adjust well in the male role, is fairly well developed mauscularly, has a deep 
voice, but shaves only occasionally. 


Case 18 


This patient was studied by Dr. William A. Reilly and his co-workers in San Francisco 
(personal communication) and proved to be a female pseudohermaphrodite without 
adrenal hyperplasia. The mother received 120 to 320 mg. of ethinyltestosterone (Luto- 
cylol, Ciba) orally each day from the eighteenth to the thirty-sixth week of pregnancy. 
This infant had an enlarged phallus without labioscrotal fusion. 


Case 19 


This was a patient observed by Dr. John P. Foxworthy of Grand Rapids, Michigan 
(personal communication). The child was born December 27, 1955. There was 1 normal 
brother aged 3 years. Another brother, born prematurely prior to this pregnancy, had 
died. The mother’s last menstrual period was on December 26, 1954. In March 1955 her 
obstetrician did not believe she was pregnant. Because of her desire for another child, 
he prescribed Duosterone (a French pharmaceutical (Roussel) preparation), 1 tablet 
four times a day. Each tablet contained 10 mg. of 17-ethinyltestosterone and 0.01 mg. of 
ethinylestradiol. This medication was continued for three to four months. When the 
child was examined by the pediatrician at the age of 7 weeks, there was an enlarged 
phallus but separate urethral and vaginal orifices were present. When the child was 10 
months old, vaginoscopy revealed a cervix and the uterus could be palpated. Skin 
biopsy revealed a female nuclear chromatin pattern in the cells. There was a normal 
excretion of urinary 17-ketostercids, and somatic growth and development were normal. 


Case 20 

This child, who was another patient of Dr. Foxworthy’s, was born on January 11, 
1956. The mother had had 1 previous pregnancy which had resulted in miscarriage- 
During the first month of this pregnancy she had severe nausea and. vomiting. She was 
given 25 mg. of progesterone intramuscularly daily from the fourth through the seventh 
week. From the seventh week through the fifth month she received 10 mg. of methyl- 
testosterone and 125 mg. of “‘natural estrogen” (Premarin, Ayerst) daily. When the in- 
fant was examined at the age of 2 weeks, an enlarged phallus was noted. There was 
labioscrotal fusion, with a single orifice of a urogenital sinus. Examination at the age of 
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9 months revealed a cervix and a palpable uterus. The excretion of urinary 17-keto- 
steroids was normal. Skin biopsy showed a female nuclear chromatin pattern. It seems 
probable that in this case the masculinization may have been due to methyltestosterone 
rather than to progesterone. 


Case 21 


This case was studied by Dr. Alfred M. Bongiovanni of Philadephia (personal com- 
munication). The mother’s last regular menstrual period was on October 2, 1952, but 
some intermittent bleeding occurred during January 1953. Treatment with 17-ethinyl- 
testosterone (Pranone, Schering) in a dosage of 30 mg. per day orally was begun on Jan- 
uary 16, 1953. The daily dose was reduced to 10 mg. on March 1, and this was continued 
until June 13. The infant was born July 13, 1953. The phallus was enlarged, and meas- 
ured 2.81.5 em. There was only a minimal degree of labial fusion posteriorly, so that 
separate urethral and vaginal orifices were visible. When examined at the age of 4 years, 
the height, bone-age, and urinary 17-ketosteroid excretion were normal. The nuclear 
chromatin pattern was of the female type. 
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STIMULATION AND SUPPRESSION OF THE AD- 
RENAL CORTEX IN CUSHING’S SYNDROME 


J. D. N. NABARRO, M.D., F.R.C.P., AUDREY MOXHAM anpb 
G. WALKER, M.B., M.R.C.P. 
The Institute of Clinical Research, The Middlesex Hospital, London, England 


ABSTRACT 


Stimulation tests have been performed on 26 patients with normal adrenal 
function, 23 hirsute women, 13 patients with Cushing’s syndrome (hyper- 
plasia 11, adenoma 1, carcinoma 1), and 3 patients with hormone-secreting 
adrenocortical carcinoma without Cushing’s syndrome. Suppression tests have 
been performed on 11 patients with Cushing’s syndrome (hyperplasia 9, 
adenoma 1, carcinoma 1). Corticotropin-gel was used for stimulation and 9a- 
fluorohydrocortisone for suppression. Response was assessed from changes in 
urinary 17-hydroxycorticosteroid and 17-ketosteroid excretion. 

In the stimulation tests an abnormal increase of urinary 17-hydroxycortico- 
steroid excretion was noted in 1 obese male, 1 normal male, 15 hirsute females 
and 7 of the patients with Cushing’s syndrome due to adrenocortical hyper- 
plasia. There was a moderate increase of urinary 17-hydroxycorticosteroids in 
the patient with an adenoma and a very slight increase in the patient with 
Cushing’s syndrome due to a carcinoma. In 2 of the patients with adrenal car- 
cinoma without Cushing’s syndrome there was an increase of steroid excretion 
upon stimulation, suggesting that the tumor was influenced by corticotropin. 

In the suppression tests, 4 patients with adrenocortical hyperplasia had a 
reduction of urinary steroid excretion. There was no change in the other 5 pa- 
tients with hyperplasia or in the 2 patients with adenoma or carcinoma. 

The following conclusions are drawn: 1) Obese hirsute women, not suffering 
from Cushing’s: syndrome, may have an abnormal increase of urinary 17-hy- 
droxycorticosteroid excretion following administration of corticotropin. 2) In 
some cases of Cushing’s syndrome due to hyperplasia there is only a modest 
increase of steroid excretion upon stimulation. 3) A positive result with the 
9a-fluorohydrocortisone suppression test in a patient with Cushing’s syndrome 
is good evidence that the condition is due to hyperplasia; a negative result 
has no significance. 4) In Cushing’s syndrome due to hyperplasia, stimulation 
and suppression tests do not help in the recognition of cases subject to relapse 
after subtotal adrenalectomy. 


INTRODUCTION 


- USHING’s syndrome is the result of prolonged exposure of the tissues 
to increased amounts of hydrocortisone. This may be produced by an 

adrenocortical carcinoma or adenoma, by hyperplastic adrenal glands, 

and occasionally by overactive glands of normal size. The nature of the 
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adrenal disorder has some bearing on treatment; therefore methods, short 
of exploration, for differentiating between the various possibilities have 
been sought. Radiologic investigations with presacral air insufflation and 
tomography may indicate the presence of a tumor, but the results are 
sometimes misleading. In recent years 2 biochemical methods have been 
suggested: 1) the stimulation test, using corticotropin, and 2) the sup- 
pression test, using cortisone or 9a-fluorohydrocortisone. There has been 
considerable disagreement about the reliability of these tests, and the re- 
sults of our studies in 14 cases of Cushing’s syndrome and 3 of hormone- 
secreting adrenocortical carcinoma without Cushing’s syndrome, suggest 
that they are only of limited value. 


MATERIAL AND METHODS 


Brief clinical and pathologic details of the 17 cases studied are listed in Table 1. Prior 
to stimulation or suppression tests, at least 8 control 24-hour urine collections were made 
in each case. Suppression tests were performed with 9a-fluorohydrocortisone, 10 to 20 
mg. daily in fractional doses by mouth for three to five days. For the stimulation tests, 

“corticotropin-gel (Armour) was given intramuscularly,100 units daily for one to three 
days. The dose was given at the beginning of a 24-hour urine collection period. When 
both tests were performed, the suppression test was carried out first and at least two 
days were allowed before the stimulation test. The urinary excretion of creatinine, 
sodium, potassium and (when applicable) glucose, was estimated by standard methods. 
The urinary 17-ketosteroids were estimatéd by the method recommended by the Medical 
Research Council (1), using benzene for extraction. The excretion of hydrocortisone 
metabolites was estimated by the Norymberski 17-ketogenic steroid method (2) or the 
total 17-hydroxycorticosteroid method (3), and in some cases by the Reddy-Jenkins- 
Thorn (4) 17-hydroxycorticoid technique, using modifications previously described (5). 


STIMULATION TESTS 


Corticotropin tests are of recognized value in the diagnosis of Addison’s 
‘disease. The corticotropin may be given intravenously (6) or intramuscu- 
larly, using long-action corticotropin-gel (7). The response of the adrenal 
cortex may be determined by measuring the 17-hydroxycorticosteroids in 
the plasma, or the 17-hydroxycorticosteroid or 17-ketosteroid excretion 
in the urine. There are many reports indicating the magnitude of the 
response to be expected in normal subjects when using intravenous cor- 
ticotropin and measuring the increase of plasma and urinary steroids by 
the Porter-Silber color reaction. The response to corticotropin-gel and 
the increase of urinary 17-ketogenic steroids has been less well documented 
(8, 9). 

Results of stimulation tests applied in cases of Cushing’s syndrome have 
suggested that when the condition is due to hyperplasia of the glands, an 
abnormally large increase of urinary 17-hydroxycorticosteroids and 17- 
ketosteroids is to be expected; with a benign adenoma, a moderate in- 
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TABLE 1. DeTaArILs or 17 CASES OF HYPERADRENOCORTICISM 
Patient Duration 
of y Adrenal Previous Subsequent 
Case | Age | Disease Severity Pathology Treatment Treatment Result 
No. | & Sex| (yrs.) 
1 24F 2 Severe Hyperplasia None Totaladrenalectomy | Cured 
2 43F 3 Mild Hyperplasia None Exploration rt. ad- Improved 
renal, Pituitary ir- 
rad. 
3 46F 22 Moderate | Hyperplasia Unilat. adrenalectomy | Pituitary irrad. Improved 
4* | 20F 1 Moderate | Hyperplasia None Pituitary irrad. Worse 
21F 2 Severe Hyperplasia Pituitary irrad. Total adrenalectomy | Cured 
5 26F 5 Moderate | Hyperplasia None Unilat. adrenalectomy | Temporary 
remission 
6 7M 5 Severe Hyperplasia None Total adrenalectomy Cured 
7 26M 4 Severe Hyperplasia Subtot. adrenalectomy.| Total adrenalectomy Improved 
Pituitary irrad. 
8 39F 2 Atypical | Presumed None - None Deteriorating 
hyperplasia 
9 24M 3 Severe Hyperplasia None Total adrenalectomy | Cured 
10 28F 11 Moderate | Hyperplasia None Total adrenalectomy | Cured 
11 26F 6 Moderate | Hyperplasia Subtot. adrenalectomy. | Total adrenalectomy | Cured 
Re-operation. 
12 54F 4 Moderate Hyperplasia | None Total adrenalectomy | Cured 
13 34F 0.5 | Moderate | Adenoma | None Unilat. adrenalectomy | Cured 
| 
14 42F 3 Severe Recurrent Removal of primary | Removal of recurrence 
carcinoma ca. Died 
15 9M 1.5 — Recurrent Removal of primary | None Died 
carcinoma ca. 
16 24F 1.5 — Recurrent Removal of primary | Pituitary stalk section | Died 
carcinoma ca. 
17 41M 4 _ Carcinoma None Laparotomy Deteriorating 
with metas- 
tases 


* The 2 entries refer to the 2 suppression tests (see Fig. 3). 


crease of 17-hydroxycorticosteroids but none of 17-ketosteroids; and with 
a carcinoma, no increase of either (10). Furthermore, it has been suggested 
that in tentatively diagnosed cases of Cushing’s syndrome in which the 
basal level of urinary 17-hydroxycorticosteroids may be just within the 
normal range, the diagnosis may be accepted if there is an increased re- 
sponse to corticotropin (11). 


T 
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Results 


The results of the corticotropin stimulation tests are summarized in 
Figure 1. On the left are shown the responses in 7 normal males and in 
19 normai females to three days’ stimulation with corticotropin-gel; in the 
center are the responses in 23 hirsute women, most of whom were obese; 
and on the right are the results in the patients with Cushing’s syndrome, 
stimulated for from one to three days. 

In 2 of the normal males and 15 of the hirsute women, urinary 17- 
hydroxycorticosteroid excretion was more than 120 mg. on the third day 
of stimulation. In the 2 men and 10 of the hirsute women this level was 
reached on the second day of stimulation. Twelve tests were performed on 


NORMAL HIRSUTE|] CUSHING’S SYNDROME 
Male | Female | Females | Hy perp las i a Adenoma |Carcinoma 
CASE No: 
1234 5606d8 910112 15 14 
DAYS OF STIMULATION 
After |Betore After|Before After/122322233333 3 3 
240 
200 ° 
_ Urinary ° 
17- hydroxy 
steroids 
| 
Urinary 
17- keto ~ 
steroids 8 
mg/day 40 si, se | | | 


Fia. 1. Corticotropin stimulation tests in men and women with normal adrenocortical 
function, in hirsute women, and in patients with Cushing’s syndrome. 

Methods of estimating 17-hydroxvcorticosteroids: 

@ Norymberski total 17-hydroxycorticosteroids (3). 

© Norymberski 17-ketogenic steroids (2). 

xX Reddy-Jenkins-Thorn 17-hydroxycorticoids (4). 
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11 patients with Cushing’s syndrome due to adrenocortical hyperplasia. 
Six patients had the three-day test and 3 showed a greatly increased re- 
sponse. Case 11 had only an hypertrophied remnant of one adrenal gland 
following two operations; under these circumstances, the response was of 
considerable magnitude. In Case 9 the patient was a young man with severe 
Cushing’s syndrome and his response was unexpectedly small. Of the 5 
two-day tests, the response in Case 3 was striking, and in Case 5 it was 
greater than normal. Two tests were performed in Case 6. This boy had 
florid Cushing’s syndrome with variable but very high basal adrenal 
steroid excretion. The outputs were more suggestive of a malignant tumor 
than hyperplasia and the response (especially of 17-ketosteroids) to 
corticotropin was comparatively small. 

In the single case of Cushing’s syndrome due to an adrenocortical 
adenoma, there was a brisk response of urinary 17-hydroxycorticosteroids 
but only a slight increase of 17-ketosteroids. In the case of adrenocortical 
carcinoma giving rise to Cushing’s syndrome (Case 14), there was only a 
slight increase of urinary 17-hydroxycorticosteroids. 

Three cases of hormone-secreting adrenocortical carcinoma not asso- 
ciated with clinical Cushing’s syndrome were studied, and the steroid ex- 
cretions are shown in Figure 2. The results in these cases suggested that 
there was some response to corticotropin. In Case 17 (a man aged 41) it 
could have been the. response of the contralateral adrenal gland, but in 
Cases 15 and 16 (a boy aged 9 and a woman aged 24) the magnitude of the 
increase makes this appear unlikely. The nature of the steroid causing 
this abnormal excretion of 17-hydroxycorticosteroid has been discussed 
elsewhere (9). 


SUPPRESSION TESTS 


In a normal subject the rate of secretion of hydrocortisone and an- 
drogen by the adrenal cortex is controlled by the level of circulating 
corticotropin. By a ‘feed-back’? mechanism, pituitary corticotropin 
secretion is regulated by the plasma concentration of hydrocortisone. 
If this is raised by giving hydrocortisone or cortisone in doses of about 50 
mg. per day, pituitary corticotropin secretion is reduced and adreno- 
cortical activity suppressed. This suppression is manifested by a reduction 
of urinary 17-ketosteroid excretion—at the same time as the 17-hydroxy- 
corticosteroid excretion is being increased by the metabolites of the ad- 
ministered steroids. When larger doses of cortisone or hydrocortisone are 
administered, similar suppression occurs but a proportion of the ad- 
ministered steroid is excreted as 17-ketosteroid and there may therefore 
be no significant reduction of 17-ketosteroid excretion. The “glucocor- 
ticoid” activity of 9a-fluorohydrocortisone per mg. is about twenty times 
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ADRENAL CORTICAL STIMULATION TESTS 
Corticotrophin gel Oyrs.  2dyrs. Myrs. 
100u. / day = 


Urinary 
Total 
17~ hydroxy ~ 
corticosteroids 
mg. / day 


Urinary 
17-ketogenic - 
steroids 
mg. /day 


Urinary 
17 ~ hydroxy - 
corticoids 
mg. /day 


Urinary 
17-ketosteroids 
mg. / day 


7 3 = > > + 


123 4 
DAYS 
Fic. 2. Effect of corticotropin on urinary steroid excretion in 3 cases of hormone- 

secreting adrenocortical carcinoma without Cushing’s syndrome (Cases 15, 16 and 17). 


_ that of hydrocortisone and the suppressing action is correspondingly in- 
creased (12). A daily dose of 3 mg. of 9a-fluorohydrocortisone is equivalent 
to about 50 to 60 mg. per day of hydrocortisone in a test of this type, but 
contributes very little to the urinary excretion of 17-ketosteroids or 17- 
hydroxycorticosteroids. In a 9a-fluorohydrocortisone suppression test, 
there is reduction of both 17-ketosteroid and 17-hydroxycorticosteroid 


excretion. 
tm some cases of Cushing’s syndrome associated with adrenocortical 
yperplasia, there would seem to be a defect in the ‘feed-back’? mech- 
anism whereby the circulating hydrocortisone level controls corticotropin 
secretion. Although the level of circulating hydrocortisone is much in- 
creased, the secretion of corticotropin persists, maintaining the high 
level of hydrocortisone and producing the clinical picture of Cushing’s 
syndrome. In these cases it might be possible to stop the production of 
corticotropin by raising the level of circulating hydrocortisone still higher, 
but the required amounts of hydrocortisone or cortisone would be so large 
that it would be almost impossible to detect suppression of endogenous 
hormone production. This would certainly be the case when the amount 
of steroid given was very large—200 mg. per day or more—and the basal 
17-ketosteroid excretion was within the normal range. Using large doses of 
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intramuscular cortisone (which contributes less than oral cortisone to the 
urinary 17-ketosteroids), Jailer et al. (13) demonstrated a reduction’ of 
urinary 17-ketosteroids in 5 out of 6 cases of Cushing’s syndrome due to 
adrenocortical hyperplasia, but others have been less successful (11, 14, 
15). If, however, 9a-fluorohydrocortisone be used, 10 mg. per day will have 
an effect comparable to that of 200 mg. cortisone (12), and it should be 
possible to observe a reduction of the urinary 17-hydroxycorticosteroids 
as well as of the 17-ketosteroids if suppression occurs. 


Results 
Suppression tests were performed on 12 occasions in 11 patients and the 
results are shown in Figure 3. 


CASE No. 1 12 13 
9a fluoro~ 
80- 
Urinary +] EEE 
17~hydroxy A tH 
cortico 
steroids 
EH J 
Urinary 
17~ keto~ 
steroids 
mg/day 
on 
DAYS 246 24 2 4 


Fia. 3. Adrenocortical suppression tests in Cushing’s syndrome. 

Urinary 17-hydroxycorticosteroids were estimated by the following methods: 
Norymberski total 17-hydroxycorticosteroids (3)—Cases 4b, 7, 8, 9, 12, 13 and 14. 
Norymberski 17-ketogenic steroids (2)—Cases 1, 2, 3 and 4a. 

Reddy-Jenkins-Thorn 17-hydroxycorticoids (4)—Case 6. 
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Definite suppression occurred in Cases 1, 2, and 3 and in the second 
test performed on Case 4. In the first test on Case 4, a daily dose of 10 
mg. was given for three days and there was no reduction of steroid output; 
on the second occasion the basal steroid excretion was significantly higher 
but there was a response to 20 mg. of 9a-fluorohydrocortisone daily for 
three days. A suppressive effect was demonstrated in 4 out of 9 cases of 
hyperplasia, using these methods. The 2 cases of adenoma and carcinoma 
showed no response. Two further points are worthy of comment: 1) in 
Case 1, studied for five days, there was an escape from the suppressive 
effect, and 2) despite the large amounts of 9a-fluorohydrocortisone given, 
there was very little trouble with fluid retention or edema. In some pa- 
tients there was an immediate natriuresis; in Case 1 there was transient 
edema, but it was followed by spontaneous diuresis on the third day of 


the test. 


DISCUSSION 


There are 3 aspects of this study that have clinical applications. The 
first is the diagnostic significance of an increased response to corticotopin 
in a patient with pre-stimulation urinary 17-hydroxycorticosteroid ex- 
cretion in the normal range. The second is whether stimulation and sup- 
pression tests are of value in differentiating between adrenocortical 
tumors and hyperplasia in cases of Cushing’s syndrome. The third is 
whether these tests will make it possible to recognize which cases of Cush- 
ing’s syndrome due to adrenocortical hyperplasia will relapse after sub- 
total adrenalectomy. 


The diagnostic significance of an increased response to corticotropin 


Some physicians are apparently prepared to make the diagnosis of 
Cushing’s syndrome when the basal levels of urinary or plasma 17- 
hydroxycorticosteroids are within the normal range, provided there is an 
abnormal response to corticotropin. Thorn’s group (11) found that the 
maximum rise of urinary 17-hydroxysteroids in normal subjects under- 
going a two-day intravenous corticotropin test was 41 mg. per twenty-four 
hours, and in patients with Cushing’s syndrome due to hyperplasia the 
rise was 46-110 mg. per twenty-four hours. Hinman, Steinbach and 
Forsham (16) suggest a value of 50 mg. per twenty-four hours as a dividing 
line, using a one-day intravenous corticotropin test and determining 
urinary hydroxysteroids by Forsham’s modification of the Reddy-Jenkins- 
Thorn method. 

Our findings lead us to regard this suggestion with some misgivings. 
Of the 2 male patients with an abnormal response, one had leukemia and 
received corticotropin at the beginning of treatment; there was no sugges- 
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tion that he had Cushing’s syndrome. The other was an obese middle-aged 
man with an anxiety state; his basal steroid excretion was normal but his 
~ response to corticotropin was extremely active (see Table 2). This patient 
was also given an intravenous corticotropin test in which the plasma 17- 
hydroxycorticosteroid level (estimated by Dr. R. I. 8. Bayliss) rose from 
a basal value of 1 ug. per 100 ml., to 50 ug. per 100 ml. The situation 
with the hirsute female patients was mere complex. Many of these pa- 
tients are obese and some have a high color, although they lack the 
typical moon-face of Cushing’s syndrome. Prunty (8) has reported on 
the 17-hydroxycorticosteroid response to corticotropin in hirsute women. 
In 3 out of 9 cases, he noted an abnormal increase of urinary 17-ketogenic 
steroids (more than 60 mg. per day) during a four-day test with intra- 
muscular corticotropin-gel. In 2 normal adults the excretion exceeded 80 
mg. per day. Our excretion values for hirsute women are much higher 
than those of Prunty. In a number of cases we have estimated both 17- 
hydroxycorticosteroids and 17-ketogenic steroids and found a significant 
difference (Table 2). There are 2 possible explanations: 1) in these hirsute 
women additional steroids, not hydrocortisone or its metabolites, are 


TABLE 2. COMPARISON OF THE RESULTS OBTAINED BY DIFFERENT METHODS OF 
URINARY ‘“‘GLUCOCORTICOID” ESTIMATION, ON THE THIRD DAY OF 
STIMULATION BY CORTICOTROPIN 


Total 17-OH- | 17-Ketogenic 17-OH- 
corticosteroids steroids corticoids 
(mg./24 hrs.) | (mg./24 hrs.) | (mg./24 hrs.) 


Reference for method (3) (2) (4) 
Normal range (unstimulated) 

Men 7 .3-23.6 5.0-22.2 5.0-14.0 
Women 4.6-17.8 4.0-18.2 3.8-12.0 

Hirsute obese females (3rd day of 164 — 74 

corticotropin stimulation) 163 —_ 104 

148 90 39 

144 86 82 

144 88 

137 107 81 

136 49 75 

128 88 ; 72 

124 105 60 

122 106 88 


Obese male (3rd day of corticotropin 
stimulation) — 138 117 


. 
a . . 
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being included in the 17-hydroxycorticosteroids measured by the Appleby 
and Norymberski method (3), or 2) the additional chemical manipulations 
involved increase the chromogenicity of the steroids finally extracted. 
Data are available on 17-hydroxycorticoid excretion measured by the 
Reddy-Jenkins-Thorn method in a number of the hirsute women showing 
an abnormal response; these are given in Table 2, along with the data on 
the obese male referred to previously. 

Poisnick and Di Raimondo (17) performed one-day intravenous cortico- 
tropin tests on 54 obese women and found a tendency toward an increase 
in the urinary 17-hydroxycorticosteroid response. These authors suggested 
that this might be due to an enlarged steroid pool, or a state of mild func- 
tional hyperadrenalism. 


Differentiation between adrenocortical tumors and hyperplasia 


Stimulation tests. Many investigators have found that corticotropin 
stimulation tests in cases of Cushing’s syndrome due to adrenocortical 
hyperplasia result in an abnormal increase in plasma 17-hydroxycortico- 
steroid’ concentration (18), and urinary 17-hydroxycorticoid and 17- 
ketosteroid excretion (11, 16). The last two groups of workers (11, 16) 
have in fact implied that in all cases of Cushing’s syndrome due to hyper- 
plasia there is an abnormal response of steroid excretion. Tumors secreting 
hydrocortisone, on the other hand, show a varying degree of autonomy— 
well differentiated ones (usually benign) responding well to corticotropin, 
and less well differentiated ones (usually malignant) being relatively unin- 
fluenced by corticotropin. For this reason it was hoped that corticotropin 
tests would prove to be a means of differentiating between the underlying 
abnormalities in cases of Cushing’s syndrome. Lindsay et al. (10) studied 
3 cases—1 of each type—and their results seemed to support this expecta- 
tion. Thorn’s group studied 14 cases and reported results that upheld these 
conclusions (11). Prunty (8), on the other hand, mentioned a case of 
Cushing’s syndrome due to adrenocortical carcinoma in which there was a 
marked increase of adrenal steroid excretion following administration of 
corticotropin, and Christy et al. (18) recorded a moderate increase in the 
level of plasma 17-hydroxycorticosteroids in a comparable case. 

The results of tests with corticotropin-gel (Fig. 1) confirm in general the 
findings of previous workers, as far as adrenal adenomata and carcinomata 
are concerned. The response in cases of adrenal hyperplasia is more vari- 
able. We have not been able to confirm that there is always an abnormal 
increase of steroid excretion, and from the data in Case 6 it would appear 
that when the basal level is very high the increase in excretion after ad- 
ministration of corticotropin may be small. 

Suppression tests. Laidlaw et al. (11) reported on the results of 9a- 
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fluorohydrocortisone suppression tests in 4 cases of Cushing’s syndrome 
due to adrenocortical hyperplasia. Three of these patients received 10 
mg. a day and 1 received 25 mg. a day, but no suppression was observed. 
Jenkins and Spence (19) noted suppression in 2 cases given 4 mg. a day 
for three days. Cope and Harrison (20, 21) reported results in 3 patients 
with Cushing’s syndrome due to hyperplasia, given 5, 10 and 15 mg. of 
9a-fluorchydrocortisone per day, respectively. In 2 of these there was 
reduction in 17-ketosteroid and 17-ketogenic steroid excretion. In the 
third case the adrenal inhibition could be detected only by estimation of 
urinary hydrocortisone. In all cases the effect on the excretion of hydro- 
cortisone was much more marked than on the excretion of the combination 
of hydrocortisone, cortisone and their tetrahydro metabolites measured by 
the 17-ketogenic steroid method. In 2 of his patients, Cope (21) noted that 
the adrenal appeared to escape from the suppressive action while 2a- 
fluorohydrocortisone was being given. Hinman et al. (16) observed sup- 
pression of urinary 17-hydroxycorticosteroid excretion in 1 patient with 
an adenoma. 

Our tests indicate that 9a-fluorohydrocortisone will reduce the urinary 
steroid excretion in some cases of Cushing’s syndrome due to adreno- 
cortical hyperplasia. On the other hand, inability to suppress urinary 
17-ketosteroid or 17-hydroxycorticosteroid excretion is not evidence of a 
tumor of the adrenal cortex. Failure to suppress the actual excretion of 
hydrocortisone may well be strong evidence in favor of a neoplastic origin 
of the condition, but this estimation is too complicated for routine investi- 
gation. Our results suggest that maximum suppression can be accomplished 
within three days and that there is no need to prolong the test beyond this 
point. We have given fluorohydrocortisone in dosages of 10 to 20 mg. per 
day, using the larger amounts if the basal steroid excretion is very high. 

An alternative form of suppression test involves the intravenous in- 
fusion of hydrocortisone. Segaloff et al. (22) were unable to reduce the 17- 
ketosteroid excretion with a 24-hour infusion of 50 mg. of hydrocortisone 
in a patient with Cushing’s syndrome due to adrenocortical hyperplasia. 
We were unable to detect any inhibition after administration of 100 mg. 
in four hours, estimating the 17-ketosteroid output in 4-hour samples of 
urine (23). : 

Thus stimulation tests result in increased hormone production in cases 
of adrenocortical hyperplasia, the increase usually being abnormally large. 
In many cases of adrenocortical adenoma and in occasional cases of car- 
cinoma there will be a moderate increase of hormone production. A posi- 
tive result with the suppression test is strongly in favor of hyperplasia, but 
the absence of suppression does not exclude it. However, once the diagnosis 
of Cushing’s syndrome is established it is very doubtful whether investiga- 
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tions, either biochemical or radiologic, are justified in an attempt to find 
the underlying cause. In all severe cases the treatment involves adrenal 
surgery—either removal of a tumor or total or subtotal adrenalectomy— 
and the causal condition can readily be determined by exploration of one 
or both glands. 


Total or subtotal adrenalectomy in Cushing’s syndrome due to adrenocortical 
hyperplasia 

If subtotal adrenalectomy be performed in the treatment of Cushing’s 
syndrome due to adrenocortical hyperplasia, in a significant proportion of 
cases a relapse will occur. Total adrenalectomy ensures a permanent cure 


TABLE 3. CUSHING’S SYNDROME DUE TO ADRENOCORTICAL HYPERPLASIA. * 
RESPONSE TO STIMULATION AND SUPPRESSION TESTS IN RELATION TO 
RESULTS OF SURGICAL TREATMENT 


Case Number 
1 2 3 4 5 7 | 8 9 10 11 12 

Stimulation (cor- 

Suppression test + a + + +t 0 0 0 0 N.D N.D. 0 
Subtotal adrenal- 

Pituitary irradia- 

tion Yes Yes Yes Yes Yes — 
Total adrenalec- 
tomy Yes Yes Later | Yes | Later} — Yes Yes Later Yes 
Relapse No No Yes No Yes No Yes —: No No Yes No 
Pigmentation Yes No No No No No Yes — No No Yes Yes 


* Not performed. 
+ Reported by Jenkins and Spence (19). 


but necessitates replacement therapy for the rest of the patient’s life. In 
this series, 4 of the patients had had previous partial adrenalectomies and 
all had experienced a relapse. Six of the patients were treated by total 
adrenalectomy and in them the question of relapse does not arise; it is 
of interest, however, that 2 of them became heavily pigmented despite 
adequate replacement therapy. This may well indicate that overproduction 
of corticotropin had continued, and that relapse would have followed sub- 
total adrenalectomy. The results of stimulation and suppression tests, 
and data concerning relapse and pigmentation, are summarized in Table 3. 
It has not been possible to recognize any pattern of response to the tests 
that would indicate the likelihood of a relapse. 
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ABSTRACT 

The development of methods for the extraction of gonadotropin from the 
urine of men and postmenopausal women by the kaolin-acetone procedure is 
detailed. Further purification of the crude gonadotropic material was accom- 
plished by alcohol-salt fractionation, which results in a yield of 4 mg. of solids 
per liter of original urine. The slope of the biologic assay of human pituitary 
gonadotropin remains unchanged throughout the purification procedures and 
is the same regardless of the source of urine or the procedures used for purifica- 
tion. 


NTERMITTENT studies on the extraction and purification of the 

gonadotropic material in human urine have been under way in this 
laboratory during the past few years. This report will present (a) a com- 
parison of the yield of solid material obtained by 2 kaolin-acetone methods 
(Albert (1) and Loraine and Brown (2)) for concentrating the gonadotropic 
material from urine, (b) an adaptation of the method of Albert to large- 
scale preparation of urinary gonadotropin, (c) a description of the further 
purification of the gonadotropic concentrate, and (d) a comparison of the 
potencies and some biologic properties of several purified preparations of 
human pituitary gonadotropin. 


KAOLIN-ACETONE METHOD OF LORAINE AND BROWN 


Urine is adjusted to pH 4.0 with HCl. A suspension of kaolin (10 Gm. in 50 ml. of 
water) is added to each liter of urine and the urinary suspension is stirred for one hour. 
After centrifugation, the kaolin is suspended in water (25 ml. per liter of original urine) 
and NaOH is added until the pH is 11.3. The mixture is stirred for twenty minutes, 
after which the alkaline suspension of kaolin is centrifuged. The supernatant fluid is 
removed, adjusted to pH 4.0 with HCl, and mixed with 5 volumes of acetone. The re- 
sulting precipitate is collected by centrifugation, washed with alcohol, then with ether, 
and finally dried. 


The yield in terms of solids averages 274 mg. per liter of urine (Table 1). 
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TABLE 1. COMPARISON OF YIELDS OF SOLIDS FROM URINES PREPARED BY 
KAOLIN-ACETONE METHODS AT ACETONE-PRECIPITATION STAGE 


Technic 
Loraine and Brown Method III (Albert) 
Source of urine 
Solid Solid 
Urine, Urine, 
liters Gm. mg./L. liters Gm. mg./L. 
Male 53 15.6 294 799 21.21 | °25.6 
Female 
Follicular phase 54 15.5 287 
Luteal phase 100 28.8 288 — oo — 
Postmenopausal 6.6 1.5 227 19 0.34 17.8 
Average 274 


KAOLIN-ACETONE METHOD OF ALBERT 


Method I. The routine procedure of concentrating the gonadotropic 
activity of urine for clinical assay has been previously described (1). It 
was developed primarily for completeness of recovery of gonadotropic 
activity. It yields a product about six times purer, and therefore much less 
toxic, than that obtained by the method of Loraine and Brown (2). 

The technic consists of adding 20 Gm. of dry kaolin to a 24-hour or 48-hour specimen 
of urine (approximately 1 to 4 liters) acidified with glacial acetic acid to pH 4.5. After 
the kaolin suspension is stirred for five seconds, it is filtered by an automatic pressure- 
flow filtration apparatus (1, 3), and the kaolin bed is washed with 2 liters of tap water 
adjusted to pH 4.5 with 1 ml. of glacial acetic acid. The wash water is discarded. The 
kaolin bed is then washed with 100 ml. of 2N NH,OH. This 2N NH,OH eluate is passed 
through the kaolin bed a second time. A final wash with 50 ml. of distilled water com- 
pletes the elution process. The eluate is collected, acidified with glacial acetic acid to 
pH 5.5, and mixed with 2 volumes of acetone. The resulting crude precipitate is sus- 
pended in water for assay. All steps are carried out at room temperature. 


In the 24-hour or 48-hour urine specimens of different persons, the 
total solids in the precipitate vary from 25 to 110 mg. per liter, averaging 
about 40 mg. per liter. Even in the same person, there is a daily variation 
in consecutive specimens of urine with respect to the content of solids. 
In one study, the solids in 11 consecutive 24-hour samples of urine from a 
postmenopausal woman varied from 17 to 36 mg. per liter (mean, 24.7 
mg.). A batch of 20 liters of pooled urine from the same woman yielded 
32.5 mg. per liter. Ten sporadic 24-hour collections of urine from a man 
yielded solids ranging from 48 to 106 mg. per liter (mean, 70 mg.). In 18 
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small batches (6 liters) of pooled urine from a group of normal men, the 
yield of solids ranged from 17 to 74 mg. per liter (mean, 52.4 mg.). Large 
batches of male urine with volumes of 17, 34, 34, 34, 34, 54, 186 and 1039 
liters, respectively, yielded solids in a concentration of 32, 42, 27, 45, 36, 
58, 48 and 40 mg. per liter when processed by this method. The average 
yield of 40 mg. per liter represents a content of solids which is about one 
sixth that obtained by Loraine and Brown’s method; since the gonado- 
tropic activity presumably is completely recovered in both methods, it 
follows that the specific activity is roughly six times that of the product 
of Loraine and Brown. The reason for this increased purity is unknown, but 
it is probably due to the many differences in procedure between the two 
methods, namely, the pH of adsorption from urine, the water washing of 
the kaolin, different eluating agents, different concentrations of acetone 
for precipitation, and different physical states of the kaolin in the eluting 
process. 

Method II. The net results of Method II were the preparation of the 
crude 66 per cent acetone precipitate in bulk and the increased purity of 
the gonadotropic material by alcohol fractionation. The proportions of the 
various reagents were altered for convenience in handling. 

The amount of kaolin used per liter of urine was 20 Gm. (greater than in Method I). 
The supernatant urine was removed by siphonage instead of by pressure filtration, and 
the kaolin was washed with 1 volume of acidified water (roughly the same proportion 
as in Method I). After being washed, the kaolin was placed in the pressure-flow apparatus 
and was eluted with 500 ml. of 2V NH,OH (roughly proportional per liter of urine to the 
amount used in Method I). 


Some 2000 liters of male urine processed in this fashion yielded 40 mg. 
of solids per liter at the 66 per cent acetone-precipitation stage. 

Studies were made at this point to effect further purification of the crude 
66 per cent acetone precipitate obtained from either Method I or Method 
II. All preliminary studies were carried out with the dried material, and 
promising procedures were studied with the wet 66 per cent acetone pre- 
cipitate. Earlier observations (4) indicated that the material containing 
gonadotropic activity was soluble in approximately 50 per cent ethyl 
alcohol. Many studies on both dry and wet crude material not detailed 
here yielded confirmatory results. Furthermore, it was found that the 
solubility of gonadotropin was apparently complete in approximately 47 
per cent alcohol, provided the pH of the solution was about 8.0. Of the 
original solid matter present in the crude material, about half was soluble 
in buffered 47 per cent alcohol. No activity could be demonstrated in the 
insoluble fraction. Consequently, an active fraction could be prepared 
containing 21 mg. of solids per liter of original urine. Several hundred 
grams of material from pooled male urine was prepared by this method, 
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herein referred to as Method II, to serve as a provisional standard (5). 
This standard will be referred to by the code AMW. 

Further observations showed that suitable modification of this step 
resulted in even higher specific activity, due to the elimination of more 
inert material. When NaCl was added to 1 per cent solutions of dry crude 
material in borate buffer at pH 8.0, maximal precipitation occurred when 
a salt concentration of 5 to 10 per cent was reached. The precipitate was 
devoid of activity. When 1 volume of 95 per cent alcohol was added to the 
10 per cent NaCl supernatant solution, another inactive precipitate formed. 
The supernatant solution then was mixed with an equal volume of 95 per 
cent alcohol, and the resulting precipitate was found to contain all of the 
activity originally present. 

Additional studies showed that the foregoing steps could be combined 
into one step with the same results. An extracting solution was prepared 
combining buffer, NaCl and alcohol (described below). Numerous trials 
with different proportions of this extracting solution added to dry crude 
-material and with various methods of re-extraction met with only partial 
success. Losses in activity were of negligible to prohibitive proportions. 
The most favorable of: these trials showed that 2 extractions of the dry 
or wet crude material were sufficient. The first extraction was made with 
4 ml. of the extracting solution for each liter of original urine. The resulting 
insoluble material was then re-extracted with 2 ml. of the extracting solu- 
tion per liter of original urine. This double extraction, followed by pre- 
cipitation of the active material from the extract with 1 volume of 95 per 
cent alcohol, yielded from 12 to 33 per cent of the solids originally present 
in the 66 per cent acetone precipitate. This variation in yield was observed 
in 10 small pilot batches. However, when repeated on larger batches (27 
trials, each involving 34 liters of urine), the average yield was 27 per cent. 

Further improvement was made by carrying out the extraction process 
in the cold. The wet 66 per cent acetone precipitate and the extracting 
solution were mixed in a Waring blender. The mixture was kept at 5° C. 
overnight and then centrifuged at 4° C. The supernatant solution was 
stored in the cold, and the precipitate was re-extracted and allowed to 
remain in the cold overnight. After centrifugation, the 2 extracts were 
combined, and 1 volume of cold 95 per cent alcohol was added. The result- 
ing precipitate was removed by centrifugation in the cold; it then was 
dried and reduced to a powder. The results of this process are shown in 
Table 2, which summarizes the values obtained in the processing of 40 con- 
secutive batches of 90 liters each of mixed urine (male and female). The 
average yield of solids in the soluble fraction was 15 per cent of that 
present before alcohol-salt fractionation. 

Method III. The success in handling large volumes of urine and the 
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TABLE 2. YIELDS OF SOLIDS FROM 90-LITER BATCHES OF 
MIXED URINE BY METHOD III 


Soluble solids Insoluble solids 
Batch 
Total (mg.) mg./L ml. /mg. Total (mg.) mg./L, ml. /mg. 

1 498 5.5 181 2691 29.9 33 
2 341 3.8 265 2410 26.8 37 
3 430 4.8 209 2671 29.7 34 
4 366 4.1 246 1986 22.1 45 
5 610 6.8 148 2592 28.8 35 
6 496 5.5 181 1634 18.1 55 
7 450 5.0 200 2285 25.4 39 
8 527 5.8 173 3082 34.2 29 
9 712 7.9 127 3644 40.5 25 
10 390 4.3 231 2758 30.6 33 
11 512 5.6 176 3490 38.8 26 
12 406 4.5 222 3220 35.8 28 
13 565 6.3 159 3240 36.0 28 
14 422 4.7 213° 2256 25.1 40 
15 571 6.3 158 3763 41.8 24 
16 572 6.4 157 2880 "32.0 31 
17 524 5.8 172 2149 23.9 42 
18 616 | 6.8 146 3013 33.5 30 
19 472 5.2 191 2960 32.9 30 
20 547 6.1 165 “2902 32.2 31 
21 706 7.8 127 3718 41.3 24 
22 690 rf 130 2722 30.2 33 
23 491 5.5 183 3579 39.8 25 
24 515 5.7 175 1866 20.7 48 
25 580 6.4 155 1937 21.5 46 
26 473 5.3 190 3432 38.1 26 
27 738 8.2 122 3811 42.3 24 
28 192 2.1 469 1960 21.8 46 
29 536 6.0 168 2602 28.9 35 
30 516 5.7 174 2897 32.2 31 
31 519 5.8 173 3234 35.9 28 
32 656 7.3 137 2638 29.3 34 
33 341 3.8 264 2870 31.9 31 
34 320 3.6 281 2810 31.2 32 
35 523 5.8 172 3729 41.4 24 
36 348 3.9 259 2454 27.3 37 
37 454 5.0 198 3225 35.8 28 
38 355 3.9 254 2981 33.1 30 
39 393 4.4 229 2443 27.2 37 
40 467 5.2 193 2996 33.3 30 
Average 496 6.6 194 2838 31.5 33 


reduction of the content of total solids to 4 mg. per liter by extraction with 
cold alcohol led to attempts to process urine on a small pilot-plant scale. 
The following changes were made: (a) the amount of kaolin added to the 
urine was reduced to 6 Gm. per liter, (b) the number of water washes of 
the kaolin after removal of the urine was increased to 4, each with a volume 
of acidified water equal to the original volume of urine, (c) an alcohol wash 
of the water-washed kaolin was introduced to remove pigmented material, 
and (d) the amount of eluent was reduced from 100 ml. for 2 liters of 
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original urine (Method II) to.100 ml. for 11 liters of original urine.! 

The detailed operation of Method III is given for batches of 90 liters 
of mixed urine. This mixed urine was obtained from individual speci- 
mens of urine on which routine urinalysis was performed.? The urine re- 
maining after analysis was collected in large carboys. A collection of 90 
liters represented material from several hundred persons of both sexes 
and of all ages. 

The technic is as follows: 


The urine is transferred from the carboys to a stainless-steel tank by means of a 
pump. Toluene (50 ml.) is added as a preservative. The pH of the urine is adjusted to 
4.5 with glacial acetic acid (about 200 to 250 ml.), or the glacial acetic acid may be 
added to the collecting containers prior to collection (50 ml. of glacial acetic acid per 
20-liter container). A total of 540 Gm. of Oxford English kaolin (6 Gm: per liter) is 
added in dry form, and the urine is mixed for a few minutes with a large wooden paddle 
or by other means. The kaolin is allowed to settle overnight, and the supernatant urine 
is removed from the kaolin bed by means of a siphon. The kaolin is washed with 90 
liters of tap water acidified to pH 4.5 (50 ml. of glacial acetic acid) and stirred with a 
paddle. The kaolin is allowed to settle overnight, after which the supernatant water is 
siphoned off. This washing procedure is repeated three more times, allowing twenty- 
four hours between each wash. After the fourth wash, the tank is drained and the kaolin 
is washed into a 12-litet glass container. The kaolin is allowed to settle and the super- 
natant wash water is drained by siphonage. A 10-liter volume of 95 per cent ethyl 
alcohol is added and the supension is stirred thoroughly. The kaolin is allowed to settle 
again for twenty-four hours, and the alcohol is drained off until a total volume of ap- 
proximately 4 liters is left in the container. The 4 pressure filters of the unit described 
previously (1) are prepared for use by pouring into each chamber approximately 20 
Gm. of elite suspended in tap water to aid in filtration. After the kaolin-aleohol mix- 
ture is stirred thoroughly, one fourth of the mixture (approximately 1 liter, representing 
22.5 liters of the original urine) is poured into each filter chamber and filtered. The 
filtrate is discarded. A total of 200 ml. of 2V NH,OH is added to each pressure filter and 
forced through the kaolin bed. Each eluate is collected and returned to the filter for a 
second elution of the kaolin bed. The eluate is again collected. An additional 50 ml. of 
2N NH,OH is added to each filter, collected, and added to the previous eluate. (Thus, 


! When these changes were applied to batches of pooled male urine and to one batch 
of 19 liters obtained from a postmenopausal woman, the yield of solid material at the 
crude 66 per cent acetone-precipitation stage was 25.6 and 17.8 mg. per liter, respec- 
tively (Table 1). However, it has been pointed out that the yield of solid material varies 
from one specimen of urine to another. Furthermore, even pooled urine collected from 
a group of the same 20 to 40 persons over long periods may vary threefold in its content 
of solids (13 to 38 mg. per liter) when batches of 100 liters are processed. Also, the con- 
tent of solids at the 66 per cent acetone-precipitation stage may vary in the same batch 
of urine, depending on the duration of storage. On the other hand, the content of solids 
in fresh urine obtained daily from totally different groups of people varies somewhat 
less, ranging from 23 to 51 mg. per liter, with an average, of 37 mg. (Table 2). 

2 We are greatly indebted to Dr. T. B. Magath, Section of Clinical Pathology, for the 
large quantities of urine from the routine urinalysis laboratory. 
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about 11 ml. of eluent is used per liter of original urine.) The eluates from the 4 filters 
(approximately 1 liter) are combined. The pH is adjusted to 5.5 with glacial acetic acid 
(approximately 90 ml.). An amount of acetone (about 2 liters) that is twice the volume 
of the acidified eluate is added with stirring. This 66 per cent acetone mixture is placed 
in the refrigerator to cool for two hours or until precipitation is complete. After centri- 
fugation at 2000 rpm at 4° C. for twenty minutes, the supernatant acetone is discarded. 
The wet precipitate is extracted in a Waring blender with 360 ml. of extraction buffer 
(boric acid buffer, pH 8.0 500 ml.; 95 per cent ethyl alcohol, 500 ml.; 2N NH,OH, 25 
ml.; NaCl, 50 Gm.). This volume represents 4 ml. of extraction buffer per liter of original 
urine. The extract is placed in the refrigerater overnight and then centrifuged at 2000 
rpm at 4° C. for twenty minutes. The supernatant fluid: is decanted and saved. The 
precipitate and 180 ml. of extraction buffer (2 ml. per liter of original urine) are mixed 
in the Waring blender. The extract is refrigerated for twelve hours or overnight and 
then centrifuged at 2000 rpm at 4° C. for twenty minutes. The supernatant fluid is 
added to the first extraction. The precipitate is the insoluble fraction and is inactive. 
To the combined extract, 1 volume of 95 per cent ethyl alcohol is added. The mixture 
is cooled in the refrigerator for one hour and then is centrifuged at the previously stated 
speed and temperature for twenty minutes. The supernatant fluid is discarded. The 
precipitate is dried and weighed. This material is the soluble fraction, referred to here- 
after as ‘‘Method III soluble,” and contains gonadotropic activity. 


The yield of solids in this active fraction is given in Table 3. 


TABLE 3. YIELDS OF SOLIDS: METHOD III—SOLUBLE FRACTION 


Source of urine Urine (liters) Solids (mg./L.) 
Male 1014 4.4 
Postmenopausal 20 2.4 
Mixed (male and female) 3600 5.5 

Average 4.1 


COMPARISON OF GONADOTROPIC POTENCY 
OF KAOLIN-ACETONE PREPARATIONS 


Assays of the various fractions were made on numerous occasions 
throughout the development of these methods. The assay was performed 
by the ovarian-weight method using intact, weanling Sprague-Dawley 
female rats (4). The data in Tables 4, 5 and 6 were obtained on about 
1200 rats. Usually a dose-finding study was carried out first; following 
estimation of appropriate doses, a two or three-point assay was made with 
a log-dose interval equal to 0.3010 and usually with 5 animals per dose. 
Results of the assay were expressed in terms of specific activity, that is, 
rat units per gram of dried material. 

The specific activity of human pituitary gonadotropin (HPG), as of 
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TABLE 4. COMPARISON OF SPECIFIC ACTIVITY OF HPG PREPARATIONS 


Source of urine Method No. of assays | Rat units/Gm. 
Male I—Crude 25 125 
Male II—AMW standard 55 470 
Male I1I—Soluble 21 900 
Postmenopausal I—Crude 40 3,500 
Postmenopausal I1I—Soluble 13 25,000 
Postmenopausal HMG-20A standard 12 420 


TABLE 5. SLOPE OF DOSE-RESPONSE CURVES OF VARIOUS HPG PREPARATIONS 


Source of urine Method No. Mean S.E. Range 
Male I—Crude 9 120 11 91-194 
Male II—AMW standard 15 117 6 80-163 
Male II1I—Soluble 9 144 17 63-206 

. Postmenopausal I—Crude 18 106 6 75-140 
Postmenopausal | I1I—Soluble 6 120 17 66-172 
TABLE 6. RELATIVE POTENCIES OF LOCAL STANDARDS AND OF 
PURIFIED PREPARATIONS OF HPG 
No Slope 
Substance Code Source of urine Process* Reference R.P.t| of 
assays} Mean| No. 
Local standard | HMG-20A Postmenopausal K.A. Loraine and i.0 12 107 3 
Brown (2) 
Local standard | AMW Pooled male K.A.—IIL Albert (4) 1.2 55 117 15 
Local standard | OWU Castrated women | Ultrafiltration | Maddockt 4.0 12 107 4 
Purified III—soluble | Pooled male K.A.—III This paper 2.1} 21 144 9 
Purified I1I—soluble | Postmenopausal | K.A.—III This paper 61.0} 12 120 6 
_ Purified Pergonal Postmenopausal | Permutit Donini and 30.0} 12 120 6 
Montezemolo 
(8) 


* K.A. =kaolin-acetone. 
+ R.P. =relative potency. 
t See footnote 4 in text. 


any substance with biologic activity, depends on the potency of the orig- 
inal urine, the yield in terms of solid material, and the losses of hormonal 
material throughout the entire manipulation. Were the same method of 
concentration and purification employed, the specific activity of the 
concentrate from urine of men would be greater than that from the urine 
of young women collected during either the follicular or the luteal phase of 
the menstrual cycle (2, 4), and that of postmenopausal women would be 
many times greater than that of men. Since individual postmenopausal 
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women differ in HPG excretion, which may be from 5 to 50 times greater 
than that observed in men (4), it is likely that the highest specific activities 
achieved would result when only urine of postmenopausal or castrated 
women with the highest gonadotropic titers is processed. Individual speci- 
mens of urine from men also may differ by a factor of 10 times. Conse- 
quently, it must be borne in mind that a comparison of the specific ac- 
tivities of various preparations must be interpreted in the terms of the 
source of the urine which has been processed. In addition to this, the 
specific activity is governed by the extent of the inevitable losses of 
gonadotropic potency, from whatever causes, and by the efficacy of the 
method in obtaining the lowest possible bulk of solid material. 

Table 4 shows the comparison of the specific activity of various prepara- 
tions made by the 3 modifications of our kaolin-acetone method. The higher 
specific activity at similar stages of purification of postmenopausal prep- 
arations as compared to preparations of male urine is evident. The specific 
activity of postmenopausal preparations is 25 to 30 times greater than that 
of male urine, which is roughly proportional to the difference between the 
mean potency of raw urine of men and that of postmenopausal women 
with high titers. Shown also for purposes of comparison is the specific 
activity of 2 local standards, namely AMW from the urine of men* and 
HMG-20A from the urine of postmenopausal women. 

The extent of the purification achieved can be caleulated. by dividing 
the specific activity of the purified preparation into the specific activity 
of the original urine. However, since the amount of solids in raw urine 
may vary considerably, a more meaningful reference for the calculation 
of the degree of purification is the specific activity of the crude 66 per cent 
acetone-insoluble material. As seen from Table 4, the soluble fraction of 
Method III represents a seven- to eightfold purification over the crude 66 
per cent acetone precipitate from urine of postmenopausal women or of 


males. 


ALTERATION IN QUALITATIVE COMPOSITION OF 
HPG DURING PURIFICATION 


A vexing and unsolved problem with respect to HPG is whether the 
urinary concentrate is a mixture of 2 independent and free gonadotropic 


8 The first 2000-liter batch of standard from male urine had an assay value of 197 
rat units per gram. Subsequent large batches were added to this material until July 
1956. At this date, preparation of AMW ceased and no further additions were made. 
The combined batch, several hundred grams, was thoroughly mixed and sealed. The 
seal was broken only to remove material for distribution to interested workers for com- 
parative assays, for local assay, or for chemical work. The stated assay value (470 rat 
units per gram) represents the mean specific activity of this material in 55 assays per- 
formed over a period of one and a half years. 
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hormones or whether it contains a single chemical substance possessing 
both FSH and LH activity. Were the former true, then differential loss 
of one or the other hormone during any concentration procedure is possible. 
An indication of the occurrence of differential loss of FSH and LH might 
be afforded by calculation of the slope of the dose-response curves. This 
slope was determined by giving 2 or more doses of the material, using 5 
rats per dose. The slope was calculated by dividing the difference in mean 
ovarian weight for the higher and lower dose by the log of the dose interval. 
The number of such slope determinations was dependent on the amount 
of material available. Table 5 shows that the slopes of the dose-response 
line for the main active fractions remained essentially the same. Either 
no differential loss of one or the other hormone (if indeed they do exist as 
separate principles) occurs throughout the purification procedure or, if 
differential loss occurs, it escapes detection by the method of slope analysis. 


COMPARISON OF HPG PREPARED BY KAOLIN-ACETONE METHODS 
WITH THAT PREPARED BY OTHER METHODS 


Several preparations of local standards made in different ways and 
several preparations of HPG purified by different methods were made 
available for assay.‘ Table 6 shows comparative data obtained on 3 local 
standards and on 3 refined preparations of HPG. It is of interest that the 
slope of the assay for each substance was the same regardless of the source 
of urine (men, postmenopausal women or castrated women) and was the 
same regardless of the method of purification used (kaolin-acetone method 
versus Permutit adsorption). These data suggest that the nature of the 
gonadotropic concentrate at the present stage of purification is probably 
the same for all methods of purification thus far described. Another point 
of interest is that postmenopausal urine prepared by Method III appears 
to be the most purified form of HPG among the preparations tested in this 
laboratory. Despite the high potency of the last 2 preparations shown in 
Table 6, they can be regarded only as relatively crude compounds, serving 
as source material for further purification. We have not tested certain 
other extremely potent preparations, such as that of Hamburger and 
Johnsen (6) and that of Segaloff and Steelman (7). 


4 We are indebted to Dr. W. O. Maddock, Wayne State University College of 
Medicine, for supplying us with a concentrate made by ultrafiltration of the urine of 
5 castrated women. One milligram of this preparation represented a mean of 11.2 ml. 
of original urine. The mean content of solids was 89.3 mg. per liter of urine. We are also 
indebted to Dr. J. A. Loraine, Edinburgh, Scotland (Clinical Endocrinology Research 
Unit, M.R.C.), for a generous supply of HMG-20A, and to Dr. P. Donini, Instituto 
Farmacologico Serono, Rome, Italy, for a generous supply of Pergonal. 
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ABSTRACT 


Large doses of hydrocortisone, administered intravenously over a 32-hour 
period, had no acute effect on the exchangeability of body sodium and potas- 
sium in a normal female subject. Similarly administered desoxycorticosterone 
glucoside, however, had an acute effect (about a 14 per cent decrease) on the ex- 
changeability of body sodium and potassium in another normal female subject. 

Data are presented from 4 studies which demonstrated that changes in body 
electrolyte status as measured by the classic metabolic balance technique were 
usually in good agreement with the changes as measured by the levels of ex- 
changeable body sodium and potassium during prolonged (two weeks) adminis- 
tration of hydrocortisone (orally), ACTH-gel (intramuscularly), or desoxycor- 
ticosterone (intramuscularly). Discrepancies in results obtained by the 2 tech- 
niques arose frequently enough, however, to suggest the possibility that during 
prolonged administration of adrenal steroids or ACTH some of the retained 
sodium may be deposited in nonexchangeable stores, and that the nonexchange- 
able body potassium stores may become exchangeable during the potassium 
diuresis associated with prolonged hydrocortisone therapy. Nevertheless, such 
occasional discrepancies may be methodologic in origin. 

Body electrolyte measurements in 5 patients with Cushing’s syndrome 
revealed in most instances a normal exchangeable body sodium content 
(Na./Kg), a low exchangeable body potassium content (K./Kg), and corre- 
spondingly high Na,/K, ratios. After bilateral adrenalectomy, the body po- 
tassium values and the Na,./K, ratios returned slowly to normal after in- 
tervals of four to twelve months. 

Body electrolyte measurements in 2 masculinized females—1l with male, 
and 1 with female physique—showed good correlation with body habitus. 

Exchangeable body sodium and potassium values were within the wide nor- 
mal range in 5 cases of treated Addison’s disease. In 1 case of previously un- 
treated Addison’s disease the exchangeable body sodium and potassium values 
were normal, though-the Na./K, ratio was slightly elevated (1.02). After two 
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weeks of therapy with large doses of 9a-fluorohydrocortisone, the ratio was 1.51. 
After seven more weeks of therapy with reduced dosage, the ratio had re- 
turned to approximately the pre-treatment value. At the end of fourteen 
months of therapy the ratio was 1.06, but the Na,/Kg. and K,./Kg. values were 
lower than before treatment, probably due to the patient’s gain in electrolyte- 
poor adipose tissue. 


HE pronounced effect of adrenocortical hormones on the excretion 

of sodium and potassium through urine, feces and sweat has been well 
documented (1-5). The recent development of techniques for the simul- 
taneous measurement of exchangeable body sodium and potassium (6-8) 
has made possible the study of the body content of these electrolytes. It 
was the purpose of this study to investigate the relationship of adrenal 
hormones to body sodium and potassium composition: 

1. By the measurement of exchangeable body sodium and potassium 
before and during the acute and chronic administration of adrenocortical 
hormones. In the long-term experiments the body measurements were 
compared with the ‘‘external” balance data over the same period of time. 

2. By the measurement of exchangeable body sodium and potassium 
in conditions of hyper- and hypofunction of the adrenal cortices, before 
and after correction of the abnormal state. 


METHODS AND MATERIALS 
Simultaneous measurement of exchangeable body sodium and potassium 


Simultaneous exchangeable body sodium and potassium measurements were carried 
out initially by the ion-exchange chromatography method of Arons, Vanderlinde and 
Solomon (7) and later by the simpler differential counting technique of Robinson, 
Arons and Solomon (8). The details of these methods, based on the isotope dilution 
principle, are completely discussed in the respective references, and the basic principles 
underlying the application of the isotope dilution principle to the study of body con- 
stituents have been considered by Edelman et al. (9). The labeled sodium (Na?‘; half- 
life 15.06 hours) and potassium (K*; half-life 12.44 hours) utilized in these measure- 
ments were obtained from the Atomic Energy Commission at the Brookhaven National 
Laboratory. Doses of 10 to 125 ue. of Na*4 and 250 to 350 ue. of K* were injected in- 
travenously in these studies (7, 8). After the injection of the isotope the usual 24-hour 
equilibration period was allowed, during which all urine was collected, and following 
which specific activities of the serum samples were determined. Body electrolyte meas- 
urements were then calculated by the standard isotope dilution formula. For example, 
in the case of sodium: 


_ Na* injected minus Na* excreted 
va Na* per liter of serum 
Na* (mEq.) per liter of serum 


Na. 


where 
Na, =exchangeable body sodium; Na*‘ is expressed in counts per minute through- 
out; and Na*=stable, naturally occurring sodium. 
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Subjects 


The subjects taking part in the experiments on the acute and chronic effects of 
adrenocortical hormones were for the most part normal young adult nurses pursuing 
routine activities of a mild nature. Some of the long-term experiments, however, in- 
volved 2 patients—Subject R.A. who had a static benign spinal cord tumor and paresis 
of the legs, and Subject H.E. who was afflicted with polyarteritis nodosa, mild cardiac 
failure and minimal renal involvement. Both patients were at rest in bed and afebrile 
during the period of hormone administration. Subjects of all experiments had constant 
dietary intakes of approximately 100 mEq. of sodium and 80 mEq. of potassium per day. 

Exchangeable body sodium and potassium measurements were carried out on 5 
patients with Cushing’s syndrome, 2 virilized females, 5 patients with treated Addison’s 
disease, and 1 with untreated Addison’s disease. After therapy had been instituted, 
determinations were repeated when indicated on one or more occasions, at intervals of 
several weeks, months or years. The diagnosis of adrenocortical hyperfunction or hypo- 
function was made on the basis of typical clinical and laboratory findings. Complicating 
conditions, e.g., diabetes mellitus or cardiac failure, may in themselves affect body 
electrolyte composition; when such complications were present, they are noted in the 
tables. All cases of adrenal insufficiency were due to primary end-organ failure. The cases 
of Cushing’s syndrome were treated by bilateral adrenalectomy and 1 of the cases of the 
. adrenogenital syndrome (L.M.) was treated by unilateral adrenalectomy for adrenal 
carcinoma. All patients with Addison’s disease or those who had undergone bilateral 
adrenalectomy for adrenal hyperactivity were maintained on varying combinations, of 
oral cortisone (12.5-25.0 mg. per day), desoxycorticosterone trimethylacetate (long- 
acting, 30-60 mg. per month), and added salt. All subjects were studied in the Metabolic 
Ward and Metabolic Clinic of the Peter Bent Brigham Hospital. 


Administration of adrenal steroids 


The effects of both acute and prolonged administration of desoxycorticosterone 
(DOC), hydrocortisone or ACTH on exchangeable body sodium and potassium were 
studied. 

32-Hour administration period. Desoxycorticosterone glucoside and hydrocortisone 
were utilized in the acute experiments. In these studies, control body sodium and po- 
tassium values were first determined twice (one week apart) on 2 normal young adult 
~ subjects. After an interval of another week, intravenous infusions were administered 
over a 32-hour period—150 mg. of desoxycorticosterone glucoside in one subject, and 
300 mg. of hydrocortisone (free alcohol) in the other. These infusions, both of which were 
made up in 1000 ml. of 5 per cent dextrose in water, were started eight hours before the 
injection of Na*4 and K* for another set of body electrolyte measurements. At the end 
of the 32-hour infusion (twenty-four hours after injection of Na*4 and K*), blood was 
withdrawn for analysis. Exchangeable body sodium and potassium values determined 
at the end of the last twenty-four hours of the infusion period were then compared with 
the 2 control values. Although the control measurements were not made during an in- 
fusion of dextrose in water without added steroid it is deemed highly improbable that 
the slow intravenous infusion of 5 per cent dextrose alone could significantly alter the 
levels of body sodium and potassium. The 2 subjects of these experiments were main- 
tained on a constant diet for four days before, and during the two-week experimental 
period. Appropriate minor changes were made in the oral fluid and dietary intake during 
the infusion period to ensure a continued constancy during this time. Although the fecal 
electrolyte content was not determined in these 2 acute experiments, urinary excretion 


+ 
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of sodium and potassium was measured daily to confirm the assumption that in these 
normal subjects the electrolyte balance was satisfactory in the periods between the body 
electrolyte measurements. 

Two-week administration period. Desoxycorticosterone acetate, hydrocortisone acetate 
and ACTH were utilized in the long-term experiments. The normal subjects and pa- 
tients were studied under a complete metabolic balance regimen for four to six days be- 
fore, and during this two-week period of hormone administration. Body electrolyte de- 
terminations were also carried out just before, after one week, and after two weeks of 
adrenal hormone administration, and changes in these measurements were then com- 
pared with the external balance data for sodium and potassium. These electrolyte 
balance data were calculated by comparing the dietary intake with the amount lost in 
the stools and urine. Sodium loss in the sweat was not included, as it was assumed to be 
of such small magnitude (3-10 mEq./day (10)) in these normal subjects that its omis- 
sion did not significantly affect the interpretation of the data. None of the subjects was 
febrile during the balance period, or lost unusual amounts of sweat for any other reason. 
Four prolonged experiments were carried out, consisting of the daily administration for 
two weeks: 1) of 15-20 mg. of desoxycorticosterone acetate intramuscularly to a normal 
adult female, 2) of 300 mg. of oral hydrocortisone acetate to an adult male with a benign 
spinal cord tumor, 3) of 300 mg. of oral hydrocortisone acetate to a normal adult female, 
and 4) of 30-120 units (u.s.p.) of ACTH-gel intramuscularly to an elderly male patient 
with polyarteritis nodosa. 


‘Electrolyte balance methods 


Analyses of the constant diet for sodium and potassium were carried out every third 
day. Urines were collected daily and analyzed for sodium and potassium content. Stools 
were collected in 2 five-day and 1 four-day pool for electrolyte measurements during the 
fourteen-day experimental period. The stool specimens were homogenized and sus- 
pended in water; duplicate aliquots were then digested with a mixture (1:1) of con- 
centrated nitric and sulfuric acids. The digestion mixtures were made up to a known 
volume, and analyzed for sodium and potassium content. All sodium and potassium 
determinations were carried out on a Baird Associates flame photometer, utilizing an 
internal lithium standard. Creatinine was measured (11) in all 24-hour urine specimens, 
as a check on the completeness of the collection. 


RESULTS AND DISCUSSION 


Acute effect of large doses of adrenal hormones on exchangeable body sodium 
and potassium 


The acute effect of the 32-hour intravenous administration of 150 mg. 
of desoxycorticosterone glucoside on the exchangeable body sodium and 
potassium of a normal female subject (M.H.) is shown in Table 1. After 
infusion of this steroid, exchangeable body sodium and potassium de- 
creased about 14 per cent. Previous determinations made in order to 
establish what constitutes a significant difference in serial body sodium 
and potassium measurements! indicate that this change of approximately 


1 By the ion exchange technique, significant differences (2 standard deviations) be- 
tween successive body sodium and potassium measurements were shown to be +7.5 per 
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TABLE 1. THE ACUTE EFFECT OF DESOXYCORTICOSTERONE ON 
EXCHANGEABLE BODY SODIUM AND POTASSIUM* 


Body Exchangeable Exchangeable 

weight body sodium __ body potassium 

(Kg.) (mEq.) (mEq.) 
Control 51.8 2139 2237 
Control §2.2 2073 2307 
During DOC-glucoside infusion 50.2 1815 2008 


* Desoxycorticosterone glucoside (150 mg.) was administered intravenously during 
32 hours to a normal 21-year-old female subject (M. H.). Each set of body electrolyte 
measurements was carried out one week apart. Dietary intake consisted of approxi- 
mately 100 mEq. of sodium and 80 mEq. of potassium a day. 


14 per cent constitutes a significant decrease for both sodium and potas- 
sium. In this experiment the external balance data indicated a retention 
of 60 mEq. of sodium and no loss of potassium during the 32-hour infusion 
period. The absence of potassium diuresis following administration of 
desoxycorticosterone is somewhat unusual. Although this patient (R.M.) 
showed a 2-kilogram weight loss during the week preceding the infusion of 
desoxycorticosterone, no significant loss of sodium or potassium accom- 
panied this water diuresis. Since there was satisfactory electrolyte balance 
during the two-week experimental period, these data suggest that the 
. values indicating decreases in the exehangeable body sodium and potas- 
sium during the infusion of dexoxycorticosterone did not represent actual 
decreases in the body content of these electrolytes but a transposition of 
previously exchangeable electrolyte to a nonexchangeable state. This 
“‘transposition”’ may have been absolute or may have merely reflected a 
decrease in the rate at which the two isotopes reached equilibrium in their 
respective pools in the body, resulting in higher serum specific activities 
and lower body masses. This interpretation is necessarily tentative. Ad- 
ditional confirmation is necessary, as is a detailed study of the effect of 
desoxycorticosterone glucoside on the equilibration curves of serum Na* 
and K*. Other investigators (12, 13) also have accumulated evidence to 
suggest that during desoxycorticosterone therapy and in other situations 
there may be variations in the percentage of body sodium or potassium 


cent and +5.5 per cent, respectively, of the mean of the 2 body electrolyte measure- 
ments. The corresponding values by the differential counting method were +8.0 and 
+9.0 per cent. There is no significant difference between the potassium values obtained 
by the 2 methods in view of the number of cases utilized in determining these values. 
The higher potassium figure (+9.0 per cent), however, is the one referred to for the pur- 
pose of these studies. 
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which is exchangeable.” In 1 of Sjégren’s subjects (13), the evidence in- 
dicated that during prolonged desoxycorticosterone therapy there was an 
increase in the percentage of exchangeable body sodium— in contrast to 
the decrease we observed in our acute experiment. Wilson et al. (16), 
however, in their extensive study on surgical patients, failed to find any 
consistent evidence for the “reservoir effect” that Sjégren noted. 

The acute administration of hydrocortisone had no demonstrable effect 
on the exchangeable body sodium and potassium measurements in the 
single normal female subject studied (E.G., Table 2). This patient’s elec- 
trolyte data also indicated a satisfactory balance during the two-week 


TABLE 2. THE ACUTE EFFECT OF HYDROCORTISONE ON 
EXCHANGEABLE BODY SODIUM AND POTASSIUM* 


Body Exchangeable Exchangeable 

weight — body sodium ,_ body potassium 

(Kg.) (mEq.) (mEq.) 
Control 48.5 1875 2161 
Control 47.3 1990 2131 
During hydrocortisone infusion 47.6 1986 2148 


* Hydrocortisone (300 mg.) was administered intravenously during 32 hours to a 
normal 21-year-old female subject (E. G.). Each set of body electrolyte measurements 
was carried out one week apart. Dietary intake consisted of approximately 100 mEq. of 
sodium and 80 mEq. of potassium a day. 


experimental period. There was only a 30-mKq. retention of sodium during 
the 32-hour infusion and, as with desoxycorticosterone, no potassium 
diuresis. Thus no immediate effect on the “exchangeability” of body sodi- 
um or potassium was evident during the administration of large doses of 
hydrocortisone to this subject. 


Chronic effect of large doses of adrenal hormones on exchangeable body sodium 
and potassium 

Large doses of hydrocortisone acetate (300 mg. per day orally to 2 sub- 
jects), desoxycorticosterone acetate (20 mg. per day intramuscularly to 
1 subject), and ACTH-gel (30 to 120 v.s.p. units per day intramuscularly 
to 1 subject) were administered under conditions of metabolic balance for 
two-week periods. A comparison of data on the ‘‘external’’ balance of 
‘sodium and potassium with the data on exchangeable body sodium and 
potassium during the balance period is shown in Table 3. In most in- 


2 The data available to date indicate that in normal subjects approximately 80 per 
cent of body sodium (14) and 95 per cent of body potassium (15) are exchangeable with 
their respective isotopes in twenty-four hours. Most of the nonexchangeable sodium is 
in bone, whereas the nonexchangeable potassium is chiefly in the red cells and the brain. 
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stances there was no significant discrepancy between the balance data and 
the body measurements. In Subject R.A. after two weeks of hydrocortisone 
therapy and in Subject H.E. after one week of ACTH therapy, there was 
a significant difference with respect to the changes in sodium balance be- 
tween the two techniques. In addition, in Subject R.A. there was a 
significant discrepancy between the two sets of potassium data. A strict 
comparison of these two types of data is difficult because of the problem 
of determining accurately the error in even a carefully controlled electro- 
lyte balance study. Little information exists in the literature on this sub- 
ject (17). Since, however, errors in balance studies may be cumulative as 
well as random, the more protracted the study the greater the possible 
error in the balance data. From a consideration of the estimated or known 
inaccuracies in the component parts of an electrolyte balance experiment 
(e.g., errors in the collection of stools and urine, in analysis of the diet, 
and in flame photometry values), an overall error of 10 to 12 per cent*® 
is felt to represent a conservative value with this technique. This over- 
all error, in conjunction with the known error of body electrolyte measure- 
ments, was used to help in determining whether discrepancies between the 
balance data and body measurements were significant.‘ By the use of these 
criteria, the lack of agreement in both sodium’ and potassium values be- 
tween the balance data and the body electrolyte measurements is signifi- 
cant in Subject R.A. who received large doses of oral hydrocortisone for 
two weeks—as is the lack of agreement in sodium values in Subject H.E. 
after one week of intramuscular ACTH therapy. The administration of 
adrenocorticotropin to Subject H.E. was associated in the first week with 
a fall in exchangeable body sodium amounting to 143 mEq., whereas the 
external balance showed a positive sodium balance of 191 mEq. This reten- 
tion of sodium in the absence of an increase, and indeed in the face of a 
possible small decrease, in the exchangeable body sodium might indicate 
that the retained sodium was being stored in a nonexchangeable or slowly 


§ Calculated from the square root of the sum of the squares of the component errors. 
The +10-12 per cent is in terms of the total electrolyte intake during the experimental 
period. . 

‘ That is, a significant difference between the 2 methods was determined from the 
square root of the sum of the squares of the error of the balance technique (+ 10 per cent 
of the electrolyte intake) and of the error of the body electrolyte measurements (+8 per 
cent (Na), +9 per cent (K)). This value (in mEq.), representing a significant difference 
up to 2 standard deviations, was then compared with the total discrepancy between the 
balance figures and the body measurements (mEq.) in order to determine the significance 
of the disagreement between results obtained by the 2 techniques. 

5 The discrepancy in the sodium data in this experiment is of significance according to 
the criteria outlined, but is of a borderline nature. That is, a difference of 238 mEq. is 
calculated to be of significance, and a difference of 254 mEq. was observed. 


Lf 
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exchangeable form (such as is the status of approximately 15 per cent of 
the sodi:im in the body). By the end of two weeks of ACTH therapy in 
Subject H.E., however, there was no longer a significant difference be- 
tween the exchangeable body sodium measurement and the external bal- 
ance data. A discrepancy of a similar nature also pertained with respect 
to the sodium balance in Subject R.A. during administration of hydro- 
cortisone. External balance data indicated a sodium retention of 740 mEq. 
during a two-week period, but the increase was only 486 mEq. as meas- 
ured by the exchangeable body sodium. These results, too, would indicate 
the possibility of some of the retained sodium being stored in a nonex- 
changeable form in the body. 

In Subject R.A. during the administration of hydrocortisone, the loss 
of 263 mEq. of potassium on the basis of external balance data compared 
with an increase of 156 mEq. on the basis of exchangeable body potassium 
measurements indicates a situation in contrast to that just discussed with 
respect to sodium, 7.e., in this instance previously nonexchangeable depots 


.of potassium may have become exchangeable during the period of hormone 


administration. This concept of a metabolically active exchangeable body 
pool of sodium and potassium, the integrity and homeostasis of which are 
to some extent protected by body stores of nonexchangeable metabolically 
inactive electrolyte which can be depleted or expanded as the necessity 
demands in order to maintain a relative constancy of the exchangeable 
pools, is certainly in need of further documentation. Other investigators 
have also noted instances of significant discrepancies between electrolyte 
balance and body electrolyte measurements and have postulated explana- 
tions similar to ours (12, 13). Proof of this concept will depend both upon 
additional confirmation of disagreements between the 2 techniques and 
more detailed studies of the effect of hydrocortisone and ACTH on the 


equilibration rates of Na** and K® in various body tissues. 


In the other hydrocortisone study (Subject V.D.), in the desoxycor- 
tisone acetate study (Subject M.B.), and in the potassium data of Subject 
H.E. there was good agreement between the external balance data and the 
body measurements. It is not clear why Subject V.D., who for two weeks 
received a dose of oral hydrocortisone and an electrolyte intake similar to 
those in Subject R.A., experienced only relatively slight sodium retention 
(183 mEq.) and no potassium diuresis compared to Subject R.A. The 
former was a normal female, whereas the latter was a man who was con- 
fined to bed with a benign tumor of the spinal cord. It is well appreciated, 
however, that there is a wide individual range in the effects of adrenal 
steroids on electrolytes. (In Subject M.B., a negative balance of potassium 
did not develop during two weeks of desoxycorticosterone therapy.) It may 
well be that the failure to find a discrepancy between the balance and body 
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measurement data in Subject V.D., such as was found in Subject R.A., 
was related to the relatively minor overall changes in sodium and potas- 
sium balance in Subject V.D. as compared to the marked sodium retention 
and potassium diuresis in Subject R.A. during hydrocortisone administra- 
tion. 

Our experience, although limited, would indicate that during adminis- 
tration of adrenal steroids the changes in body electrolyte composition are 
reflected in most instances in a comparable fashion by both the external 
balance and exchangeable body electrolyte methods. Discrepancies be- 
tween the findings with the 2 techniques are frequent enough, however— 
at least under the conditions of adrenal steroid therapy—to suggest that 
exchangeable body sodium and potassium measurements do not always 
mirror accurately the overall changes in external electrolyte balance. Al- 
though these discrepancies conceivably could be methodologic in origin 
in some instances, they also indicate that under the various conditions of 
electrolyte imbalance imposed by administration of adrenal steroids, a 
portion of the nonexchangeable electrolytes of the body may assume a 
more metabolically active exchangeable form,® and also that under some 
circumstances exchangeable body electrolytes may slowly become non- 
exchangeable. 


Exchangeable body sodium and potassium in states of adrenocortical dysfunc- 
tion 

As noted in a previous publication (7), individual exchangeable body 
sodium and potassium values expressed in relation to body weight (Na./ 
Kg.; K./Kg.) are difficult to evaluate because of the wide range of normal 
values (Table 4). These marked variations are to a great extent related to 
individual differences in the electrolyte-free adipose tissue of the body. 
Thus an obese person would tend to have relatively low Na./Kg. and 
K./Kg. values, whereas a lean person well endowed with potassium-rich 


6 The hypothesis that nonexchangeable stores of body electrolytes (such as approxi- 
mately half of the bone sodium, which in turn constitutes about 30 per cent of total body 
sodium) may serve as a reservoir and become exchangeable when the body is depleted 
of that particular ion, has been further investigated in a preliminary fashion (18). 
Two dogs were depleted of measured amounts (20-30 per cent) of their exchangeable 
body sodium by peritoneal lavage, and exchangeable body sodium measurements were 
carried out before and after this procedure. The decrease in the exchangeable body so- 
dium measurements agreed well with the amount of sodium actually removed from the 
dogs in the peritoneal fluid. These preliminary data have failed so far to indicate that 
nonexchangeable sodium depots do replenish (at least acutely, in dogs) the exchangeable 
pool when the latter is depleted by peritoneal lavage. The acute conditions of this ex- 
periment, however, are quite different from those in the chronic experiments with adrenal 
steroids in man. Further studies along these lines are needed in both man and animals. 
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TaBLe 4. EXCHANGEABLE BODY SODIUM AND POTASSIUM VALUES 
IN NORMAL YOUNG ADULTS 


Sodium (Na,) Potassium (K,) 
(mEq./Kg.) (mEq./Kg,) 
Males 40.4 48.7 .83 
[12] (35.3-44.7)* (44.4—54.5) (.78-.91) 
Females 39.7 42.4 .97 
[7] (33 .8—47 .8) (35.5-47 .9) (.87-1.10) 


* The ranges appear in parentheses. 


muscle tissue would tend to have higher Na,/Kg. and K./Kg. values. 
Indeed, as our experience has increased, the “normal” range of these 
measurements is even wider than that indicated in Table 4. This factor of 
the relative body contents of adipose and lean tissue must be kept in mind 
in interpreting the values for exchangeable body sodium and potassium 
. per Kg. in the following discussion of patients with Cushing’s syndrome 
and Addison’s disease. Thus the obese and protein-depleted Cushing’s 
patient would be likely.to have relatively low levels of Na./Kg. and K./Kg. 
Also, after treatment of these adrenal dysfunctions, the resultant changes 
in body sodium and potassium content must represent a composite of 
increases or decreases in body fat and muscle mass—nonspecific nutri- 
tional effects—as well as any specific action of adrenal steroids on the 
renal absorption of electrolytes. 

Because of these variables, the conventional mode of expression of body 
sodium and potassium content in terms of body weight (6-8) is difficult 
to interepret meaningfully in any isolated case. On the other hand, the 
ratio of exchangeable body sodium to potassium (Na./K.) is of greater 
- value in interpreting the status of body electrolytes at a particular time, 
since the effects of some variables such as body fat are minimized, and the 
normal variation of the Na./K, ratio in males and females is much less 
than that of its component measurements (Table 4). It should be noted 
that the Na./K, ratio in the young male (0.83) tends to be somewhat lower 
than in the female (0.97). This is apparently an expression of the relatively 
greater muscle mass of the young adult male. Although body electrolyte 
studies have not been systematically carried out in adults beyond the 
sixth decade, it would seem likely that with the decreasing muscle mass 
of advancing years the Na./K, ratio would tend to approach unity more 
closely, particularly in the case of the male. It should also be pointed out 
that certain changes in body electrolyte composition characterize many 
chronic disease states (19). As lean tissue mass is depleted in illness, body 
potassium stores are decreased; concomitantly the extracellular space 


~ B 
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tends to expand absolutely and body sodium content also increases. These 
same changes undoubtedly also tend to take place in the chronically sick 
patient with Addision’s disease or Cushing’s syndrome in addition to the 
more specific effects of the presence or absence of adrenocortical activity 
on body electrolyte composition. 

Exchangeable body sodium and potassium values also are especially in- 
formative when used to study patients in a serial fashion, since one is then 
in a position to interpret changes between several measurements rather 
than a solitary determination. Accordingly, both the Na./K, ratio and 
serial body electrolyte measurements were utilized to study cases of 
adrenal hyper- and hypofunction. 

Adrenal hyperfunction. The exchangeable body sodium and potassium 
and Na,/K, ratio in 5 cases of Cushing’s syndrome before and after total 
bilateral adrenalectomy are presented in Table 5. Replacement therapy for 
the maintenance of these adrenalectomized patients consisted of cortisone 
(12.5-25.0 mg. per day); desoxycorticosterone, usually in the form of the 
long-acting trimethyl acetate (30-60 mg. a month); and varying amounts 
of added salt. It is to be noted that before treatment the exchangeable 


TABLE 5. EXCHANGEABLE BODY SODIUM AND POTASSIUM 
IN CUSHING’S SYNDROME* 


Postop. : 
time Na, 
Patient, Age, Sex (mEq.) | (mEq.) Na,/Kg.| K./Kg. | 
(mos.) (Kg.) 
S.8., 38, M — 86.3 3517 , 2329 40.8 27.0 1.51 
Died 1 wk. postop. 
E.S., 38, F — 68.3 2622 2294 38.4 33.6 1.14 


Died 9 mo. later of 3 75.0 2893 2337 37.8 31.2 | 1.22 
ca. of liver 


Ri.C., 20, M — 66.5 2659 2608 40.0 39.2 1.02 
9 55.0 2420 2540 44.0 46.2 95 

D.R., 52, Ff 59.2 30.7 
3 52.4 2760 1755 52.7 33.5 1.57 
12 62.5 2310 2812 37.0 45.0 82 

R.C., 33, F — 40.9 1728 1249 42.2 30.5 1.38 


2002 1991 40.7 40.5 1.01 


bo 


* All patients were treated by one-stage bilateral adrenalectomy. 
+ Had mild, well-controlled diabetes mellitus. 
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body sodium (Na, per Kg.) in these cases was within the limits of normal, 
whereas the exchangeable body potassium (K. per Kg.) in all instances was 
abnormally low, resulting in a pathologically high Na./K. ratio in these 
patients with Cushing’s syndrome. Only 1 patient (D.R.) had a high 
value for body sodium, and this value was obtained three months after 
operation, at a time when the patient still had the physical stigmata of 
hyperadrenocorticism. In 1 instance (Ri.C.) the Na./K, ratio was less 
markedly elevated (1.02), a finding which appeared to be in keeping with 
the relative lack of muscle wasting in this patient. Although muscular 
wasting was a prominent feature in each of these cases, with the exception 
noted, it is a moot point whether the potassium depletion could be as- 
cribed to this cause alone, or whether potassium diuresis independent of 
lean tissue loss was a significant additional factor. The loss of muscle mass, 
however, would seem the more important explanation, because over 95 
per cent of body potassium is intracellular and muscle tissue is particularly 
rich in potassium. In addition the potassium diuresis observed when cor- 
tisone or hydrocortisone is administered usually ceases after two to three 
days. . 

It is noteworthy that a normal Na./K, ratio was attained in 1 patient 
(D.R.) only many months (twelve) after bilateral adrenalectomy, and 
that the ratio was still abnormal in this patient and in 1 other (E.S.) three 
months postoperatively. In 1 subject (R.C.), however, the Na./K. ratio 
returned to normal in four months, paralleling a strikingly quick clinical 
improvement after bilateral adrenalectomy. In most instances, correction 
of the body electrolyte pattern was a slow process and in keeping with the 
very gradual return to normal-of most of the other aspects of disordered 
metabolism seen in Cushing’s syndrome (e.g., polycythemia, osteoporosis, 
cutaneous striae, easy bruisability and truncal obesity). A high Na./K. 
ratio is not a pathologic pattern limited to Cushing’s syndrome, but is com- 
mon to many chronic illnesses accompanied by debilitation and muscle 
wasting (19). In general, the greater the severity of Cushing’s syndrome the 
more marked the muscle wastizg and the higher the Na,./K, ratio. 

In contrast to the findings in this type of hyperadrenocorticism are the 
body electrolyte values obtained in 2 virilized females (Table 6). One 
of these patients, a 27-year old female with the adrenogenital syndrome 
caused by an adrenal cancer, had a markedly masculine habitus and a 
“male” Na./K, ratio of 0.74. This patient’s physique and body electrolyte 
composition remained essentially unchanged even sixteen months after 
removal of the adrenal cancer; however, the presence of additional neo- 
plastic tissue was suggested by the fact that 17-ketosteroid excretion re- 
mained elevated. In contrast, the other patient, a 29-year-old female 
(D.L.) with the Stein-Leventhal syndrome, marked hirsutism, but a 


: 
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TABLE 6. EXCHANGEABLE BODY SODIUM AND POTASSIUM 
IN MASCULINIZING SYNDROMES 


Postop. 


Patient, eas Body Na. K. 
Age, Sex, interval weight (mEq.) | (mEq.) Na,./Kg.| K./Kg. | Na. K. 
Diagnosis (mos.) (Kg.) 
L.M., 27 F — 56.7 2267 40.0 
Adrenogenital syn- 4 54.5 1847 2495 33.9 45.8 0.74 


drome (adrenal ca. 16 55.8 1840 2561 |. 33.0 45.9 0.72 
treated by unilat. 
adrenalectomy) 


D.L., 29, F — 86.6 3074 3331 35.5 38.5 0.92 
Stein-Leventhal 
syndrome 


female habitus, had a “female” Na./K, ratio of 0.92. Thus in these 2 
cases there was good correlation between ‘‘maleness” and “femaleness”’ 
of body habitus and body electrolyte composition. 

Adrenal hypofunction. The exchangeable body sodium and potassium 
values and the Na./K,. ratios obtained in 5 cases of treated Addison’s 
disease are presented in Table 7. In the treated Addisonians the body 
electrolyte values (Na./Kg. and K./Kg.) and the Na./K, ratios fell within 
the rather wide normal limits for these measurements, indicating the 
probable efficacy of cortisone and desoxycorticosterone in maintaining 
normal body electrolyte composition in hypoadrenalism. The somewhat 
elevated Na./K,. ratios in 2 of the Addisonians (J.C. and F.D.), each of 
whom was over 50 years of age, are probably within normal limits for 
elderly persons, since with the decreasing muscle mass of advancing years 
the K. tends to decrease and the Na./K, ratio to rise. No significant series 


TABLE 7. EXCHANGEABLE BODY SODIUM AND POTASSIUM 
IN TREATED ADDISON’S DISEASE* 


Patient & Weight Na. K, 

Age (yrs.) | (Kg.) | (mEq.) | (mEq.) | Na/Ke- | Ke/Ke. | Na/Ke 
E.C., 20 57.9 2670 3047 46.1 52.6 0.88 
M.K., 31 79.7 3064 3552 38.4 44.3 0.87 
E.M., 35 68.9 2723 3383 39.5 49.1 0.80 
J.C., 59 57.9 2746 2609 47.4 45.1 1.05 
F.D., 67 68.2 2337 2479 34.3 36.3 0.94 


* All patients were males, maintained on cortisone and desoxycorticosterone acetate. 
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of measurements in normal elderly persons is available, however, to con- 
firm this latter point. 5 

The rare opportunity presented itself of studying 1 case of untreated 
Addison’s disease (W.G.). This 37-year-old man had had symptoms of 
adrenal insufficiency for twelve to eighteen months and was admitted to 
the hospital in a hypotensive state bordering on acute adrenal crisis (serum 
sodium level, 128 mEq. per L.; serum potassium level, 7.5 mEq. per L.). 
Body electrolyte measurements were made before treatment, and two 
weeks, nine weeks, and fourteen months later (Table 8). One might have 
predicted, from changes in adrenalectomized animals (20, 21), that in 
untreated Addison’s disease the body would be relatively low in sodium 
and high in potassium, resulting in a low body Na./K, ratio. Surprisingly, 
the pre-treatment Na./Kg. and K./Kg. values were well within normal 
limits, and the Na./K, ratio (1.02) was somewhat elevated. After two 
weeks of inadvertently large doses of 9a-fluorohydrocortisone, there was 
evidence of an 11-Kg. weight gain and retention of 1500 mEq. of sodium. 
The concurrent retention of potassium was only slight and the correspond- 
ing Na./K,. ratio was markedly elevated (1.51). After seven additional 
weeks of treatment with more physiologic doses of fluorohydrocortisone, 
the Na./K,. ratio was again comparable to the pre-treatment ratio; this 
also held for the Na./Kg. and K./Kg. values. Some fourteen months after 
initiation of replacement therapy for Addison’s disease (chiefly fluoro- 
hydrocortisone and cortisone), and at a time when the patient’s clinical 
' status was apparently normal, the Na,./K. ratio was approximately the 
same as the pre-treatment ratio (1.06), whereas both the Na./Kg. (42.9) 
and the K./Kg. (40.6) values were appreciably lower than before treat- 
ment. It was felt that the lower Na./Kg. and K./Kg. values after fourteen 
months of therapy were mainly a reflection of the patient’s gain in elec- 
trolyte-poor adipose tissue during this time interval. 


TABLE 8. EXCHANGEABLE BODY SODIUM AND POTASSIUM IN A PATIENT 
WITH ADDISON’S DISEASE BEFORE AND AFTER TREATMENT 


Patient Body N Ke 
W.G., 37, Clinical status Treatment weight a Nae/Kg.| Ke/Kg. | Nae/Ke 
(mEq.) | (mEq.) 
male (Kg.) 
Tnitially Severe adrenocortical | None 54.6 2618 2572 47.9 47.1 1.02 
insufficiency 
2wks. later | Excessive fluid reten- | Fluoro F Ac.,*6.25| 65.7 4096 2711 62.3 41.3 1.51 
tion mg. /daily, p.o. 
9 wks. later | Marked improvement | Fluoro F Ac. .25} 67.8 3357 3179 49.5 46.9 1.06 
mg. /daily, p.o. 
14mos. later | Asymptomatic .25 mg. Fluoro F 69.0 2963 2802 42.9 40.6 1.06 
Ac. and 25 mg. 
cortisone /daily 
p.o. 


* 9a-Fluorohydrocortisone. 
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The most striking findings in this Addisonian patient were: 1) Grossly 
normal pre-treatment values for Na./Kg. and K./Kg., and a slightly 
elevated Na,./K, ratio—not indicative of marked sodium loss or potassium 
retention. 2) After adrenocortical replacement therapy for fourteen months 
there was a total gain in body sodium of approximately 350 mEq., whereas 
an estimate of the amount of sodium necessary to restore a contracted 
extracellular fluid compartment to a normal volume at a normal sodium 
concentration (from a starting concentration of 128 mEq. per L.) was in 
the vicinity of 600 mEq. (This latter value was based on the reasonable 
supposition of an increase in the extracellular fluid compartment of 3-4 
liters over the fourteen-month period.) It is thus apparent that the sodium 
which was made available for replenishment of the extracellular eompart- 
ment was derived from other than external sources, presumably from sites 
within the body. 3) At the end of the fourteen-month treatment period, 
the Na,/K,. ratio was about the same as before treatment., 

These data emphasize certain features of electrolyte metabolism in the 
Addisonian patient. Repeated clinical observations in cases of Addison’s 
disease have indicated that the characteristic loss of sodium and reten-, 
tion of potassium probably persist to a significant degree for only a 
relatively short time (days to weeks). This conclusion is drawn from the 
observation that in many patients with untreated Addison’s disease the 
symptoms have been of one to two years’ duration, and it would seem un- 
likely that sodium loss and potassium retention would take place con- 
tinuously over this long period of time. Thus only relatively slight actual 
loss of sodium and retention of potassium, in relation to the total body 
content of these ions, may occur in Addison’s disease. In addition, it has 
been shown by Swingle et al. (22) and by Flanagan, Davis and Overman 
(23) in adrenalectomized dogs, by Mendelsohn and Pearson (24) in 
adrenalectomized patients, and by Hills et al. (25) in patients with Addi- 
son’s disease, that the hyponatremia of adrenal insufficiency can be ex- 
plained only in part by the urinary loss of sodium ion, and that an internal 
redistribution of electrolytes and of water is characteristic of adrenal 
insufficiency. Such a redistribution would help to explain the normal 
Na./Kg. and K./Kg. values obtained in this study of an untreated Addi- 
sonian. The Na./K, ratio of 1.02 (the pre-treatment value) is similar to 
what one would expect in any relatively young sick male of poor nutri- 
tional status with decreased muscle mass. It is conceivable that any renal 
loss of sodium or retention of potassium in this Addisonian patient tended 
to be masked by the changes of body sodium and potassium in opposite 
directions which characterize many chronic disease states (19); that is, 
body potassium stores would tend to fall as muscle mass decreased, and 
body sodium would tend to increase at the same time. Nonetheless, it is 
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apparent that these data furnish additional support to the hypothesis that 
the hyponatremia of adrenocortical insufficiency cannot be explained solely 
by renal wastage of the sodium ion. 
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RELATIONSHIPS BETWEEN CLINICAL SEVERITY 
OF HYPERTHYROIDISM AND RESULTS OF 
THYROID FUNCTION TESTS 
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Hospital and University of Minnesota, Minneapolis, Minnesota 


ABSTRACT 


A quantitative clinical severity score was derived by rating the most im- 
portant symptoms and signs of hyperthyroidism on a seven-point scale, 
weighting the items on the basis of their clinical importance, and combining 
the weighted ratings to get a single score. In 53 hyperthyroid patients correla- 
tions between the clinical severity score and 9 test variables ranged from 0.15 
to 0.61. The highest correlations of clinical severity were with the thyroidal 
clearance of I! (0.61), the 3-hour thyroidal I'** uptake (0.59), the rate of 
uptake of I'*! dose by the gland (0.57), and the basal metabolic rate (0.44). 
Correlations with the chemically determined serum protein-bound iodine level, 
24-hour thyroidal I uptake, serum cholesterol level, serum protein-bound 
I'*t Jevel, and conversion ratio were 0.30 or less in decreasing order. The best 
linear combination of all 9 tests for purposes of predicting clinical severity 
raised the correlation to only 0.74. Two tests alone, the thyroidal ["* clearance 
and the BMR, were as effective as all tests together for use in predicting clinical 
severity, yielding a multiple correlation of 0.72. The correlation between clinical 
severity and estimated weight of the thyroid gland was of the same magnitude 
as that between clinical severity and the BMR. 


HE present study is an attempt to develop a practical means of 

grading the clinical severity of hyperthyroidism, and to relate this 
index of clinical severity to the results of thyroid function tests. A valid 
quantitative measure of clinical severity would have practical value in 
the management of patients, apart from its academic interest. Each 
clinician has his own conception of the characteristics of mild, moderate, 
and severe hyperthyroidism, and considerable disagreement is found when 
comparisons among physicians are made. Systematic rating of the most 
important individual symptoms and signs encourages precision of evalua- 
tions and discourages errors of omission. Furthermore, therapy must be 
partly guided by clinical severity, since the response to radioiodine is 
significantly related to the degree of thyrotoxicosis (1). Finally, a severity 
score might allow reasonably valid comparisons among observations re- 
ported from different clinics. 


Received December 6, 1957. 
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METHODS AND MATERIALS 


Patients. Fifty-three patients with unequivocal clinical hyperthyroidism were studied 
—50 men and 3 women. The ages ranged from 20 to 66 years. The goiters were diffuse in 
47 and adenomatous in 6. 

Clinical variables. Every patient was carefully questioned and examined in the clinic 
by the senior author prior to any treatment and before any tests of thyroid function were 
performed. A clinical severity score, calculated as described later, was assigned to each 
patient by the examiner and reviewed independently by the second author. 

The following clinical variables entered into the severity score: hyperactivity and 
tremor (HT), heat intolerance and excessive sweating (HI), tachycardia at rest (T), 
weight loss (WL), and a miscellaneous group (M) of findings, more difficult to evaluate 
and perhaps of lesser diagnostic importance. These included increased appetite or in- 
creased frequency of stools (3 or more daily), persistent fever, weakness, silky skin and 
fine hair, stare and lid lag, increased pulse pressure (over 50 mm. Hg), and increased 
nervousness or emotional lability. The first 4 variables were each rated on a seven-point 
scale of severity as shown in Table 1. The rating’ was 0 if the item was absent, and 6 if 
it was very severe. Intermediate grades of severity were rated accordingly. The fineness 
of the rating scale is an attempt to provoke careful evaluation of each item as to severity. 
Errors in rating are to be expected, but should not exceed 1 rating point in either direc- 
tion. 

Each item of the miscellaneous (M) variable was rated as present or absent. The 
composite rating for this variable ranged from 0 to 6. If none of the items was present 
the rating was 0; if 6 of the 7 items were present the rating was 6; and intermediate rat- 
ings corresponded to the number of items that were present. 


TABLE 1. BASIS FOR GRADING EACH VARIABLE OF CLINICAL SEVERITY 


Hyperactivity and Tremor (HT), rated on seven-point scale, 0-6. 
Heat Intolerance (HI), rated on seven-point scale, 0-6. 
Tachycardia (T), based on pulse measurement as follows: 


Under 80 0 110-120 4 
80— 90 1 120-130 5 
90-100 2 Over 130 6 

100-110 3 

Weight: Loss (WL), as % of usual weight: 

Under 1% 0 13-16% 4 
1- 4% 1 17-20% 5 
5- 8% 2 Over 20% 6 

9-12% 3 


Miscellaneous (M)—each sub-item listed as present or absent. Number present (up to 6) 
represents rating: 
Increased appetite or number of stools (3 or more/day) 
Persistent fever 
Weakness 
Increased pulse pressure (over 50 mm. Hg) 
Nervousness or emotional lability 
Stare and lid lag 
Silky skin and fine hair 


> 
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The 5 major clinical variables were each assigned a weight, based upon our concep- 
tion of the relative importance of each as a reflection of clinical severity in the usual 
case of hyperthyroidism. The relative weights were as follows: hyperactivity and tremor 
(HT), 1.5; heat intolerance (HI), 1.5; tachycardia (T), 1.0; weight loss (WL), 1.0; and 
miscellaneous items (M), 1.0. The combined clinical severity score (CS) was calculated 


thus: 
CS =1.5HT+1.5HI+1.0T+1.0WL+1.0M 


Each variable in the formula had a possible range of 0 to 6, and the combination a range 
of 0 to 36, the last being the most extreme degree of clinical hyperthyroidism. 

In an attempt to validate the weighting scheme and formula used, a list of the clinical 
variables utilized in our formula was reviewed by 8 thyroidologists from other institu- 
tions, each of whom graded the variables as reflectors of the severity of hyperthyroidism. 
There was appreciable variation in the ratings among the 8 reviewers, so the ratings for 
each variable were averaged. This average rating was then taken as the weight of the 
variable in a new combination to form an alternative clinical severity score which was 
calculated for each of our patients. The correlation between our clinical severity score 
and this alternative score was 0.85—a high relationship indeed when one considers the 
possible sources of error in such quantitation of subjective interpretations, all of which 
_ tend to diminish the correlation. We therefore assume that our procedure for estimating 
élinical severity yields results which will be in general agreement with the impressions 
of other clinicians working in the field of thyroid diseases. 

Test variables. Nine laboratory tests of thyroid function were performed on each pa- 
tient, virtually simultaneously, after the clinical evaluation. The tests and their units 
are listed in Table 2. The techniques of the radioiodine studies and the chemical protein- 
bound iodine determination have been described previously (2-5). The basal metabolic 
rate (BMR) was determined in duplicate with a Sanborn Metabolator, the mean of the 
- consecutive measurements being utilized in computations. Among 27 hyperthyroid pa- 
tients with BMR values ranging between +9 and +88 per cent, the average absolute 
difference between two consecutive readings with this method was 7 per cent (range, 
0 to 21 per cent). In only 5 of the 27 patients did the difference exceed 12 per cent. 
Among 25 hypothyroid patients with BMR values ranging between—5 and —45 per 
cent, the average absolute difference between two consecutive readings was 5 per cent 
(range, 0 to 16 per cent). In only 2 of the 25 patients did the difference exceed 8 per cent. 
Serum cholesterol concentration was measured by the method of Abell, Levy, Brodie 
and Kendall (6). 


TABLE 2, TESTS OF THYROID FUNCTION 


Test Symbol 
Thyroidal uptake of I'*! at 3 hrs. (% of dose) TU-3 
Thyroidal uptake of I'*! at 24 hrs. (% of dose) TU-24 
Rate of thyroidal uptake of dose of I'*! (%/hr.) . RTU-S 
Thyroidal clearance of I'*! at 2 to 3 hrs. after oral dose (ml./min.) TC 2-3 
Plasma protein-bound I!*! at 24 hrs. (% of dose per liter X 10%) R-PBI 
Conversion ratio at 24 hrs. (%) CR 
Chemical protein-bound iodine of serum (ug./100 ml.) C-PBI 
Basal metabolic rate (%) BMR 


Serum total cholesterol (mg./100 ml.) SC 


. 
ty 
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Analysis. Product-moment correlations were calculated between each test and the 
clinical severity score. In addition, multiple regression equations and multiple correla- 
tions were calculated relating the clinical severity score to various optimal linear com- 
binations of the following tests: TU-3, TC 2-3, R-PBI, CR, C-PBI, and BMR. The 
other 3 tests were omitted from these calculations—TU-24 and RTU-S because they 
are adequately represented by the TU-3, and SC because it is a relatively poor measure 
of hyperthyroidism. 


RESULTS AND INTERPRETATIONS 
The correlations between the clinical severity score and the results of 
the individual tests as well as of 2 combinations of the tests are listed in 


Table 3. The highest single correlation was 0.61 for the thyroidal clearance 
of I*", The correlations with thyroidal I'** uptake at three hours and the 


TABLE 3. CORRELATIONS BETWEEN CLINICAL SEVERITY AND 
INDIVIDUAL TESTS OR COMBINATIONS OF TESTS 


Tests Correlation 
TU-3 0.59 
TU-24 0.24 
RTU-S 0.57 
TC 2-3 0.61 
R-PBI 0.17 
CR 0.15 
C-PBI 0.30 
BMR 0.44 
sc —0.20 
TU-3, TC 2-3, R-PBI, CR, C-PBI, and 

BMR 0.74 
TC 2-3 and BMR 0.72 


rate of thyroidal uptake were similar. The correlation with the BMR, 
which one might have expected to yield the closest single relationship, 
was 0.44. The chemical serum protein-bound iodine level and 24-hour 
thyroidal uptake reflected clinical severity even less adequately, with 
correlations of 0.30 and 0.24, respectively. Figure 1 contains scatter 
diagrams for the 4 tests of greatest interest. BMR values available on an 
additional 35 hyperthyroid patients are included in the figure, altering 
the correlation insignificantly from 0.44 to 0.46. The poorest correlations 
were with the measures reflecting the rate of formation of serum protein- 
bound iodine, R-PBI and CR. It must be remembered that these correla- 
tions do not reflect diagnostic effectiveness, encompassing the hyperthyroid 
range only. The correlations, many non-linear, would be quite different if 
the entire euthyroid-hyperthyroid range were included. However our pri- 
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- Fig. 1. Seatter diagrams relating the clinical severity score to 3-hour thyroidal 
I'3! uptake, thyroidal clearance, chemical serum protein-bound iodine level, and basal 
metabolic rate. 


mary aim in this report concerns laboratory estimates of clinical severity 
once the diagnosis is established. 

It is of interest to contrast certain of these correlations between test 
values and clinical severity with similar correlations between test values 
and clinical estimates of the weight of the thyroid gland. The correlation 
between gland weight and 3-hour thyroidal I'** uptake was 0.51; with 
thyroidal clearance, 0.56; and with the BMR, 0.21. The correlation be- 
tween clinical severity and gland weight was 0.42—virtually the same 
degree of relationship as observed between CS and the BMR. 

The best possible linear combination of values obtained with the 6 


| 
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most valuable tests only raises the correlation with clinical severity to 
0.74—a significant though not a great improvement over the correlation 
of 0.61 observed with the thyroidal clearance alone. This is a reflection of 
the widespread interdependence among the tests. The BMR is least cor- 
related with thyroidal clearance, r=0.07, and adding the BMR alone to 
the thyroidal clearance in an optimally weighted combination gives a 
correlation of 0.72 with clinical severity. Thus only 2 tests in combina- 
tion, the thyroidal clearance of of I'*! and the BMR, supply as much in- 
formation about clinical severity of hyperthyroidism as all the tests to- 
gether. 


COMMENTS 


It.is appsrent from this analysis that prediction of the severity of a 
specific patient’s disease from any or all of his test results may be dis- 
tinctly misleading. The highest correlation of severity: with any single 
test result was 0.61, and with an optimal linear combination of all test re- 
sults, only 0.74. The latter value leaves 45 per cent of the variation in the 
predicted (clinical) variable unaccounted for by the results of the tests. 
It should not really be surprising that a clinical estimate of severity, 
based primarily on evidences of peripheral tissue hypermetabolism, is not 
correlated closely with the results of thyroid function tests, which in gen- 
eral reflect relatively specific facets of thyroidal metabolism. The BMR, 
which might be expected to reflect tissue hypermetabolism better than any 
other test, is subject to so much variation from non-hormonal physiologic 
influences and from technical factors, that it loses much of its potential 
value for predicting clinical severity. The serum protein-bound iodine 
concentration, though an excellent criterion of the existence of disease, 
reflects the magnitude of tissue response rather poorly, perhaps because 
it is affected inversely by the rate of tissue utilization of hormone. Those 
aspects of clinical severity that were predicted from the results of all of 
the tests were as adequately predicted from the results of only 2 of them 
—the thyroidal clearance and the BMR. These were the only tests with 
independent significance for prediction. 

The serum protein-bound I'*! concentration and the conversion ratio 
were correlated surprisingly poorly with clinical severity, considering the 
fact that both reflect the rate and quantity of hormone production. How- 
ever, both are also inversely influenced by the rate of utilization of hor- 
mone by the tissues, the net consequence being a reduction in predictive 
value. 

We conclude that these function tests are relatively inexact bases for 
comparing patients as to severity of hyperthyroidism. Clinical appraisal 
remains the best means of comparing severity among individuals or groups. 


» 
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The clinical severity score discussed here is a convenient objective measure 
to use for this purpose. 

Atypical hyperthyroid patients—those in whom an associated disease is 
aggravated, those with severe congestive heart failure, or those in whom 
myopathy predominates—are not adequately categorized by either the 
clinical severity score or the results of thyroid function tests. These pa- 
tients are most frequently elderly persons in whom hyperthyroidism is a 
complication of some other disease, or vice versa. The severity of the 
hyperthyroidism is generally difficult to evaluate. However, the potential 
risk to life is sufficient to justify management of these cases as if they were 
clinically severe. 
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ABSTRACT 


Precise methods for separation and estimation of urinary steroids have been 
employed to investigate the effect of endocrine ablation on urinary 17-keto- 
steroid excretion in patients with breast cancer. Although bilateral adrenalec- 
tomy virtually abolishes excretion of androsterone and etiocholanolone, con- 
siderable amounts of these steroids may persist after attempted destruction of 
the pituitary with radioactive seeds. The effect of exogenous cortisone on steroid 
patterns following endocrine ablation is used as a measure of completeness of 
pituitary destruction, and its usefulness is discussed. 


EASUREMENT of individual urinary neutral 17-ketosteroids sug- 
gests itself as a means of assessing adrenocortical function following 
implantation of the pituitary with radon (1, 2) or bilateral adrenalectomy 
for carcinoma of the breast in postmenopausal women. Persistence of 
urinary 17-ketosteroids (3), estrogens (4-6) and pregnanediol (4) after 
endocrine ablative surgery, has already been observed by others. 
The present paper is confined to the biochemical aspects of this prob- 
lem. Detailed clinical information is to’be published separately. 
Particular attention has been given to the 11-deoxy-17-ketosteroids, 
etiocholanolone (3a-hydroxyetiocholan-17-one) and androsterone (3a- 
hydroxyandrostan-17-one), which are of adrenal origin in the female and 
which are most likely to be endogenous products and not metabolites of 
maintenance cortisone. 


MATERIALS 


Materials 


Chemical. Ethanol (commercial absolute) and methanol (commercial acetone-free), 
refluxed with 2:4 dinitrophenylhydrazine and hydrochloric acid, followed by double 


distillation. 
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Benzene and ligroin (both A.R.), shaken with concentrated sulphuric acid, washed 
with sodium hydroxide and water, dried over anhydrous sodium sulphate and finally 
distilled. 

Pyridine (A.R.), distilled from potassium hydroxide pellets. m-Dinitrobenzene, 
purified according to a standard procedure (7). 

Alumina (Savory and Moore, London, Grade III) adjusted to contain 5 per cent 
moisture. . 

All other solvents and reagents—A.R. or ‘Laboratory Reagent’ grade, used without 
further purification. 

Biochemical. B-Glucuronidase, containing sulphatase—prepared from limpets (8) 
and normally having activity of 10°-10° units per Gm. (9). 


Methods 

Collection of urine. Urine was collected from the patients preoperatively, and again 
two weeks to sixteen months after operation. No preservative was used. The urine was 
refrigerated when necessary, and was processed as soon as possible. Preoperatively, 24- 
hour specimens or three-day pools were collected. After bilateral adrenalectomy (usually 
during maintenance therapy with 50 mg. of cortisone daily), the urine collections were 
mainly 24-hour specimens. Following implantation of radon into the pituitary, three-day 
pools were collected during maintenance cortisone therapy (25-75 mg. per day), during 
the last three days of a five-day cortisone withdrawal period, and during the last three 
days of a five-day period of high cortisone dosage (150 mg. per day). In all cases, cor- 
tisone acetate was administered orally. 

Extraction and chromatography. Urine extracts were prepared by 2 methods (10, 
method D) (11), combining the free steroids derived from the sulphates and glucuronides 
prior to analysis. The 6-glucuronidase concentrations employed were of the order of 
2-5 X 108 units per ml. (9), depending upon the incubation time. The foregoing 2 pro- 
. cedures yielded similar results when applied to the same urine specimen, although with 
the second (11) there was more complete enzymic hydrolysis. Neutral ketonic fractions 
were prepared by a micro-Girard technique (12) and then submitted to micro-digitonin 
separation (13) to obtain a and £ fractions. Steroid measurements were made at each 
of these stages in order to determine total excretion and to check recoveries. The 8 
fractions were measured without further attempt at separation. The Zimmermann 
method (7) was adopted, but it was modified to allow forty-five minutes for incubation, 
and dilution was with 5 ml. of ethanol. Readings were made at 430, 520 and 610 my. in 
a Unicam spectrophotometer, correction being made for interfering chromogen (14). 
Total estimations were made in terms of dehydroepiandrosterone, 50 ug. of this steroid 
giving a corrected optical density of 520 my of 0.440. The partially purified a-fractions 
were chromatographed on 2-Gm. alumina columns, and elution was carried out with 2 
per cent ethanol in benzene. This procedure appears to facilitate subsequent separation 
on paper. The eluted steroids were then subjected to paper chromatography against 
steroid standards in a ligroin: propylene-glycol system (15) and estimated quantitatively 
(16). Ethanol was used to elute the separated steroids from the paper prior to analysis 
(7). Eluates from steroid-free areas of these chromatograms gave corrected optical den- 
sities (520 mu) of 0=01-0.03 against a reagent blank. Absolute values were obtained for 
each steroid fraction by reference to calibration curves for the pure compounds. When 
steroid levels permitted, duplicate chromatograms were used to obtain material for 
which absorption curves of the sulphuric acid solutions (17) could be compared with 
those of known steroids. 

With these methods, amounts of individual steroids as low as 0.01 mg. per twenty-four 
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hours may be detected, but quantitative significance is doubtful below approximately 
0.10 mg. per twenty-four hours. Further identification of the steroids has not been ob- 
tained at these low levels. 

RESULTS 


Besides etiocholanolone and androsterone, the steroids measured in- 
cluded the 8 fraction, which probably consists mainly of dehydro-epian- 
drosterone, 11-ketoandrosterone (3a-hydroxyandrostan-11,17-dione), 11- 
ketoetiocholanolone (3a-hydroxyetiocholan-11,17-dione), and a fraction 
referred to below as 118-hydroxy-17-ketosteroids. The last named com- 
pound consists of varying proportions of 118-hydroxyandrosterone (3a-, 
116-dihydroxyandrostan-17-one and 11$-hydroxyetiochololanolone (3a, 
118-dihydroxyetiocholan-17-one). No serious attempt was made to sep- 
ate these two components, since the 11-deoxysteroids were the most im- 
portant ones in this study. 


Steroid excretion following implantation of radon seeds into the pituitary 


Successive withdrawal and replacement of maintenance cortisone should 
reveal the presence of active residual pituitary tissue by causing a cor- 
responding rise and fall of endogenous urinary (11-deoxy) 17-ketosteroids 
(Table 1). Following radioactive attack on the pituitary, adrenal activity 
was depressed one-fourth to one-third on the average, as measured by the 
urinary excretion of etiocholanolone and androsterone (Table 2). Even so, 
a further twofold depression of these steroids was produced by oral 
cortisone in a dosage of 150 mg. per day (Table 2), suggesting continued 
pituitary function. 


TABLE 1. ErrecT OF VARYING MAINTENANCE DOSAGES OF CORTISONE ON 
17-KETOSTEROID EXCRETION IN A PATIENT WITH BREAST CANCER, 
ONE YEAR AFTER IMPLANTATION OF THE 
PITUITARY WITH RADIOACTIVE SEEDS 


Daily oral Urinary excretion (mg./24 hrs.) 
dose of 
cortisone 11-OH- 
50 0.89 1.01 * 0.03 0.09 0.00 0.00 
0 0.22 0.36 0.02 0.35 0.09 . 0.00 
150 0.83 1.66 ~GS05 0.12 0.00 0.00 


* 11-OH-17-KS = 11-Hydroxy-17-ketosteroids. 
11-KE = 11-Ketoetiocholanolone. 
11-KA = 11-Ketoandrosterone. 
E = Etiocholanolone. 
A= Androsterone. 
8 =6-Fraction. 
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TABLE 2. URINARY 17-KETOSTEROID EXCRETION IN PATIENTS WITH BREAST CANCER, 
BEFORE AND AFTER ENDOCRINE SURGERY 


(Excretion values are arithmetic means; the ranges are shown in parentheses) 


Daily oral Urinary excretion (mg. /24 hrs.) 
Breast cancer No. of dose of 
patients patients 1LKE 11-KA E 8 
Preoperative 12 0 0.67 0.45 0.10 1.54 0.94 0.05 
(.52-2.67) | (.28-1.71) | (O-.16) 
Bilateral adrenalectomy 9 50-75 0.69 1.27 0.02 0.06 0.02 0.00 
(0—. 26) (O—.15) (0) 
Pituitary implant 9 0 0.85 0.56 0.09 0.52 0.21 0.04 
(0-1.72) (0-.9) 
Pituitary implant 10 25-75 121 1.13 0.12 0.36 0.24 0.05 
(0-1.91) | (0-1.08) | (0-.27) 
Pituitary implant 8 150 1.80 2.92 0.27 0.28 0.12 ‘| 0.05 
(0-.8) (0-.51) | (0-.31) 


* For explanation of abbreviations, see footnote to Table 1. 


Steroid excretion following bilateral adrenalectomy 


During maintenance cortisone therapy, bilaterally adrenalectomized, 
ovariectomized patients ‘virtually ceased to excrete measurable quantities 
of 11-deoxyketosteroids (Table 2). In only 1 case was androsterone 
detected, and this appeared to be a special instance (probably due to in- 
complete surgery or the presence of accessory adrenal tissue) since, over 

-a three-month period of therapy with 76 mg. of cortisone per day, mean 
levels for urinary etiocholanolone and androsterone were respectively, 
0.16 and 0.14 mg. per twenty-four hours. Furthermore, intramuscular 
ACTH-gel (120 1.u. per day) over two separate six-day periods raised the 
foregoing levels to 0.50 and 0.20 mg. per twenty-four hours, respectively. 
In no other case in this study was ACTH shown to exert a stimulating 
effect on steroid excretion following adrenalectomy. 

Because of the unexpected finding of androsterone under such circum- 
stances, further evidence was sought regarding its identity. On processing 
several liters of urine following 6-glucuronidase hydrolysis, sufficient steroid 
was obtained to determine certain properties. Chromatographic mobility 
on paper in various solvents (15, 18) was that of androsterone. Typical 
Zimmermann colors were obtained both on paper and in solution, the 
absorption curve of the pigment (430-600 my )being the same as for pure 
androsterone. The sulphuric-acid chromogen absorption curve (220-600 
mu) showed a maximum at 310 my and was superimposable on the andro- 
sterone curve. The A*-11 androsterone derivative showed 2 main maxima 
(310 and 340 my), with a minor one at about 405 muy, indicating that the 
steroid in question was not a hydrolytic artifact of 118-hydroxyandro- 
sterone. 
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DISCUSSION 


The results in Table 2 indicate that bilateral adrenalectomy is much 
superior to pituitary radon implantation as a means of endocrine ablation 
(as measured by 17-ketosteroid excretion). Of 11 post-implant patients, 
only 4 excreted no urinary androsterone, and 2 of these excreted no 
etiocholanolone. This is in marked contrast to the picture after bilateral 
adrenalectomy—of 9 patients, only 1 (the special instance previously out- 
lined) continued to excrete androsterone. Small amounts of etiocholanolone 
were consistently found, without definite proof of identification. No £- 
fraction was detected following bilateral adrenalectomy, although on 
occasion it was present after implantation of the pituitary. 

Allen et al. (19), employing analytical methods which lack the precision 
of those used in the present work, investigated the change in the ratio 
of 11-deoxy to 11-oxy 17-ketosteroids as a limited measure of the ability of 
endocrine surgery to alter hormonal environment. Table 3 contains the 
results of the present study on this basis. The greatest change occurs fol- 
lowing bilateral adrenalectomy and is only approached by pituitary im- 
plantation followed by high cortisone maintenance. Perhaps the most 
interesting point is that, after radioactive implantation of the pituitary, the 
lower cortisone dosage (25-75 per day) produced no more change in the 


‘steroid pattern than did the higher cortisone dosage (75 mg. per day) 


without previous implantation of the pituitary. All of this strongly sug- 
gests that complete destruction of the pituitary may not easily be brought 


about by radioactive means. 
The effects and metabolism of exogenous cortisone after attempted 


TABLE 3. EFFECT OF ENDOCRINE SURGERY AND EXOGENOUS CORTISONE ON URINARY 
17-KETOSTEROID PATTERNS IN PATIENTS WITH BREAST CANCER 


Daily oral Urinary excretion (mg./24 hrs.) : 
Breast cancer dose of Ratio 
patients cortisone 11-Deoxy- 11-Oxy- Al-Deoxy: 
(mg.) 17-KS 17-KS 11-Oxy 
Preoperative 0 2.53 2.1 
Adrenalectomy 50-75 0.08 1.98 0.04 
Pituitary implant 0 Oi77 .. 1.50 0.5 
Pituitary implant 25-75 0.65 2.46 0.26 
Pituitary implant 150 0.45 4.99 0.09 
Preoperative* 0 2.74 1.01 2. 
Preoperative* 75 0.42 2.26 0.1 


* Values are based on results from 2 cases with and without cortisone maintenance. 
All other figures in this table are calculated from those in Table 2. 
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endocrine ablation deserve mention. The effects of administration of 
cortisone supplied some proof for continued pituitary function in 1 case 
(Table 1). Following radioactive attack on the pituitary, high dosage of 
cortisone (150 mg. per day) was associated with depression of the urinary 
17-ketosteroids (Table 2). However, on occasion, urinary levels of etio- 
cholanolone and androsterone were somewhat higher during therapy with 
25 mg. of cortisone per day than during the period of cortisone withdrawal. 
Such a finding is difficult to explain, but it may be due in some measure 
to the daily fluctuation in 17-ketosteroid excretion. The main urinary 17- 
ketosteroid metabolites of exogenous cortisone in the human subject are 
5B(etiocholane) derivatives (20), 11-ketoetiocholanolone being quantita- 
tively the most important. Such a picture is apparent in the present study. 
In 1 case in which no 6-fraction was measurable in the absence of exogenous 
cortisone, this fraction measured 0.3 mg. per twenty-four hours during 
high cortisone dosage (150 mg. per day). This may be explained by the 
recently reported isolation of 38,116-dihydroxyandrostan-17-one from the 
urine of humans subjects treated with large doses of hydrocortisone (21). 

It is not inconceivable that androsterone excretion, when it persists in 
the postoperative state,.is related to the continued production of a more 
strongly active androgenic precursor (e.g., androstenedione). Since strongly 
active androgens may give rise to estrogens, both in vivo (22) and in vitro 
(23, 24), this finding may be of some interest in the study of cancer. Al- 
_ though at present, work in this laboratory (unpublished) indicates no 
obvious relationship between androsterone and estrogen (estrone, estra- 
diol, estriol) levels in the urine following endocrine ablation, the possibility 
cannot be ruled out. 
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ABSTRACT 


A comprehensive procedure for the routine analysis of urinary steroids is 
described. It consists of: 

A. A simple partition chromatographic column operated so as to separate 3 

- fractions predominantly composed of (a) Ci 9O2 steroids or androgen 
metabolites (e.g., androsterone and dehydroepiandrosterone) and C02 
steroids (e.g., pregnanediol): (b) 11-oxygenated C90; steroids (e. g.,11- 
ketoetiocholanolone) and C2103 metabolites (e.g., pregnanetriol); and 
(c) all corticosteroids, including corticosterone, tetrahydrocortisol and 
more polar metabolites. 

B. Application to each fraction of 2 or more assays, each specific for certain 
groupings attached to carbon 17. Two of these determinations—17- 
ketosteroids present after oxidation with CrO; (CrO;-KS) and formalde- 
hydogenic steroids (FS)—measure almost all types of adrenocortical 
steroid metabolites. 

The column consists of synthetic aluminum silicate as the supporting phase, 
and 50 per cent ethanol as the stationary phase. It is developed by a “stepwise 
gradient” employing hexane containing increasing proportions of chloroform. 
The column and assays can be used for urine extracts representing from one to 
six hours’ collection, or up to about 10 mg. of a steroid mixture. It runs com- 
pletely in one working day, and avoids large volumes of solvents. Eluates are 
sufficiently pure to yield accurate titers in various colorimetric assays specific 
for different side-chains or groupings. Thus, the excretion of several types of 
metabolites can be determined without complete separation. 

In the corticosteroid fraction of the urine from normal subjects, 24-hour ex- 
cretion values were about 7 mg. of 21-hydroxy (formaldehydogenic) steroids, 
6-7 mg. of total 17-hydroxy steroids (CrO;-KS), 2 mg. of 17,20,21-triols (such 
as cortols) and 2.5 mg. of Silber-Porter chromogens. Examples of other readily 
obtainable information in a variety of human subjects are presented. 
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INTRODUCTION 


HE amounts of various neutral steroid metabolites in urine have been 

widely used as indices of adrenocortical function. Procedures for the 
determination of total neutral 17-ketosteroid (17-KS) excretion (1-4) do . 
not, however, differentiate C,,0. metabolites arising from androgenic 
precursors and 1l-oxygenated 17-KS derived from Cz»; corticosteroids. 
Moreover, the C,, 17-hydroxy steroids, which form an appreciable portion 
of urinary androgen metabolites, are not determined (5, 6). 

Although corticosteroids conjugated as glucuronosides can be deter- 
mined as a group after hydrolysis with 6-glucuronidase (7-11), it is fre- 
quently of importance to differentiate certain sub-groups or individual 
corticosteroids, as well as other types of metabolites (12-17). When it is 
desirable to determine various types of steroids in a single urine, it is often 
the practice to process several batches by different methods. The chromat- 
ographic separation of Glenn and Nelson (10) was an’early attempt to 
provide 2 physiologically distinct fractions from one urine extract. An 
extension of this concept seems the logical approach to comprehensive and 
accurate analyses of urinary steroids. 

This paper describes a simple and rapid chromatographic technique 
applicable to clinical and physiologic studies. The whole spectrum of 
urinary steroids is spread out by means of a single partition column which 
is developed by a four-step gradient of solvents. The first fraction con- 
tains CisO and C,,02 (as well as C2:0.) metabolites, and the second frac- 
tion contains C,,0; and C20; steroids. Corticosteroids appear in the third 
and fourth eluates. Much of the nonspecific chromogenic material of crude 
extracts, which ordinarily interferes with colorimetric assays, is separated 
from the main fractions by this column. Since color reactions, therefore, 
are usually of excellent spectral purity and high precision, the content of 
many types of reactive metabolites can be determined without further 
isolation. 

Each eluate was quantitatively assayed by a single procedure, namely, 
the determination of 17-KS present after oxidation with chromic acid 
(CrO;-KS) (18). Steroids reacting in this test were present in all eluates, 
but since they had been separated in a known fashion, a differential 
analysis was thus achieved. The corticosteroid-containing fraction was also 
assayed for formaldehydogenic stercids (FS) (8). Used together, these 2 
reactions measure most known adrenal steroid metabolites. Additional 
quantitative colorimetric determinations may be applied to these eluates. 

When operated as described here, the column will fractionate extracts 
representing up to six hours of urine collection. About one hour’s collection 
is the minimum amount sufficing for the 2 assays. The column requires 
little attention and is completed in seven to eight hours. 
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MATERIALS AND METHODS 
Materials 

B-Glucuronidase—‘‘Ketodase,” beef liver 6-glucuronidase, Warner-Chilcott Co. 

Adsorbent. A synthetic 13 per cent alumina-87 per cent silica preparation, used as a 
cracking catalyst in the petroleum industry, serves as the supporting phase of the parti- 
tion column. It may be obtained from the Industrial Chemicals Division, Davison Chem- 
ical Co., Baltimore 3, Md., under the designation “silica-alumina catalyst No. 8.M.R.- 
55-104.”” As supplied, about 75 per cent of the material is smaller than 200 mesh. Sep- 
paration of some of the finer particles through a 200-mesh sieve increases the flow rate 
of the column, should this be necessary. 

n-Hexane (Eastman No. P1135). Washed with successive portions of one-fifth volume 
of concentrated sulfuric acid until no more yellow color is removed, then washed with 
water until neutral. After drying over anhydrous sodium sulfate, the hexane is filtered 
and distilled through a Vigreaux column, collecting the fraction distilling between 67° 
and 68° C. : 

Chloroform. Washed twice with one-fifth volume of concentrated sulfuric acid, or un- 
til no more yellow color is removed, then washed with water until neutral. After adding 
a little anhydrous sodium sulfate, the chloroform is filtered and distilled. Addition of 1 
per. cent (v/v) absolute ethanol prevents formation of phosgene if the solvent is not to 
be used immediately. 

Absolute ethanol, U.S. Industrial, is used without purification. 

Solvent systems. The stationary phase is 50 per cent v/v aqueous ethanol, and the 
mobile phase consists of hexane with increasing proportions of chloroform. On the day 
before use, 4 solvent mixtures are shaken in separatory funnels, which are then left at 
room temperature overnight, tightly stoppered. Each consists of equal volumes of 
stationary and mobile phases. The volumes of mobile phase necessary for 1 column; and 
their compositions (v/v), were as follows: A, 150 ml. of 100 per cent hexane; B, 70 ml. of 
5 per cent chloroform in hexane; C, 150 ml. of 30 per cent chloroform in hexane; and 
D, 50 ml. of 50 per cent chloroform and 50 per cent hexane. In system D, the mobile 
solvent forms the lower layer. 


Methods 
Construction and packing of the column 


~The column tube is 30 cm. long and 1.5 cm. in inside diameter, with a stopcock at 
the bottom and a standard taper 19/38 outer joint at the top. During operation a 250-ml. 
dropping funnel with a 19/38 inner joint is placed on top of the column. The stainless 
steel packer has a flat disc head, 1.4 cm. in diameter, containing 6 or 8 perforations 
0.8 mm. in diameter. To pack the column, 5 grams of the aluminum silicate is mixed in 
a beaker with 10-15 ml. of 50 per cent ethanol, equilibrated with hexane. After placing 
a small web of glass wool in the bottom of the column and closing the stopcock, the slurry 
of silicate is poured in, followed by a rinse of 2-3 ml. The slurry is mixed by moving the 
packer up and down a few times. At intervals, when about 0.5-1.0 cm. has settled out, 
the packer is again inserted and the supporting phase evenly compressed. When the 
column is thus completed, the stopcock is opened, air pressure applied, and the excess 50 
per cent ethanol pushed through just to the top of the silicate. About 15 ml. of hexane 
(equilibrated with 50 per cent ethanol, solvent A) is carefully poured over the column, 
and pushed through to dislodge the 50 per cent ethanol in excess of that held as sta- 
tionary phase. The volume so replaced by hexane is termed the pore volume of the 
column and is usually between 3 and 4 ml. 
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Application of urine extract 

The material to be chromatographed must be enelina i in as thin a band as possible, 
by the use first of stationary phase, then of mobile phase A. An amount of supporting 
phase which will retain the volume of stationary phase used must first be built up in order 
to prevent seepage. A 100-mg. portion of silicate will hold about 0.10 ml. of 50 per cent 
ethanol (equilibrated with hexane) without spreading. Too much silicate leads to adaorp- 


tion and trailing of bands. 
After replacement of the excess 50 per cent ethanol with hexane, the level of hexane 


is allowed to fall about 1 mm. below the top of the silicate. The inside wall of the column 
is dried, and 100 mg. of dry silicate added through a long-stemmed funnel. The extract 
to be chromatographed, dried in a 15-ml. centrifuge tube, is warmed with 0.10 ml. of 
50 per cent ethanol equilibrated with hexane, and the soluble portion transferred to the 
dry silicate. If this solution is too viscous for even distribution, the amounts of 50 per 
cent ethanol and of silicate must be doubled. After adding another 100 mg. of dry 
silicate, the transfer with 0.10 ml. of 50 per cent ethanol is repeated. Finally the tube is 
rinsed three times with 0.10 ml. of equilibrated hexane. Each portion of hexane is al- 
lowed to run down to the top of the column. The effluent is collected in the first eluate 
tube, labelled ‘“‘front.’’ Lastly a layer of coarse sand (0.5-1.0 em.) is placed over the 
column, solvent A is added to the 20-ml. mark, and the running rate is adjusted to about 
0.6 ml. per minute. The dropping funnel, containing about 90 ml. of solvent A, is placed 
in position. No pressure is required. 


Development 

Keeping the “reservoir” or head of solvent above the column constant at 20 ml., 
‘development with the successive solvent mixtures is as follows: 

“Front.’”’ Collect the pore volume plus 2 ml. 


Eluate A. Collect 80 more ml. of solvent A. 
Eluate B. Replace the solvent in the dropping funnel with 60 ml. of solvent B, and 


collect 50 ml. 
Eluate C. Replace the solvent in the dropping funnel with about 140 ml. of solvent 


C. Collect 105 ml. Remove the dropping funnel and allow the solvent to drain down to 


5 ml., making a total of 120 ml. collected. 
Eluate D. Place 50 ml. of solvent D in the dropping funnel and allow the column to 


run to dryness. i 


Comment 

Hexane and chloroform were chosen as mobile solvents because their 
relatively high boiling points lessen the changes due to evaporation. The 
greater specific gravity of chloroform promotes mixing in the solvent reser- 
voir without a stirring apparatus. Aqueous ethanol as. the stationary phase 
does not interfere with the determination of formaldehydogenic steroids 
as does methanol. Aqueous ethanol, 50 per cent (v/v), provides sufficient 
retardation of less polar steroids without undue retention of more polar 
compounds. 

That these columns operated largely as partition systems, and not by 
adsorption, was indicated in the following experiment: When the internal 
phase was 50 per cent ethanol (partition column), dehydroepiandrosterone 


‘ 
‘ 
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(DHA) was eluted with hexane between 20 and 40 ml., whereas when the 
column was both packed and developed with hexane (adsorption column) 
DHA was not eluted, even with 50 ml. of hexane followed by 100 ml. of 
chloroform. 

The “front” eluate (2 ml.) separates a yellow pigment in urine extracts 
(as well as other nonpolar, nonsteroid substances) from the main A frac- 
tion. A considerable amount of yellow-brown material is retained at the 
top of the column, and reacts negatively in several steroid tests when 


washed off with ethanol. 


Standardization with pure steroids. 

Figure 1 shows the approximate positions of pure steroids when the 
column is operated as described. All C,,0, steroids are eluted with 80 ml. of 
100 per cent hexane (A), but after about 40 ml. of hexane several fast 
moving C,,O; and C.,0; compounds will also be removed. The usual 
urinary C, 0; 17-ketosteroids such as 11-ketoetiocholanolone are not 
eluted by as much as 100 ml. of hexane, so that the C,.O2 or ‘‘androgen 
metabolites” are well separated from this group by 80 ml. of hexane. 

After 50 ml. of eluant B, most C,,0; steroids are eluted, whereas a rela- 
tively nonpolar corticosteroid, 11-deoxycortisol, is not. Hence, for pur- 
poses of urine analysis C,,0; metabolites have been adequate separated 


from corticosteroids. 
A complete separation of pregnane-3a,20a-diol (in eluate A) from preg- 


 nane 3a,17a,20e-triol (in eluate B) is effected by this procedure. 


When solvent C is now applied, 11-deoxycortisol and corticosterone are 
rapidly eluted, followed by cortisone, cortisol, their tetrahydro reduction 
products, and finally Reichstein’s substance E. The corticoids overlap, 
and, in general, cannot be separated from each other in this procedure. | 
Lastly, elution with solvent D assures that all highly polar corticoids have 


been removed. 
Thus, for practical purposes, eluates C and D represent. a cleanly sep- 


arated and complete “corticosteroid” fraction of urine extract. It should 
be noted that the point of elution of any one compound is dependent on 


1 The following trivial names are used in the text: Cortisol (compound F) is 118,17a, 
21-trihydroxy-A‘-pregnene-3,20-dione. Tetrahydrocortisol is 3a,118,17a,21-tetrahydroxy- 
pregnane-20-one. Reichstein’s substance E is 118,17a,208,21-te*rol-A*pregnene-3-one. 
Cortols are pregnane-3a,118,17a,20a (or 8), 21-pentols. Cortolones are 3a,17a,20a 
(or 8)-tetrahydroxypregnane-ll-ones. Tetrahydrocortisone is 3a,17a,21-trihydroxy- 
pregnane-11,20-dione. 11-Deoxycortisol (epd. S) is 17a, 21-dihydroxy-A‘-pregnene-3, 20- 
dione. 21-Deoxycortisol is 118,17a-dihydroxy-A‘-pregnene-3,20-dione. 21-Deoxytetra- 
hydrocortisol is 3a,118,17a-trihydroxypregnane-20-one. 21-Deoxytetrahydrocortisone 
is 3a,17a-dihydroxypregnane-11,20-dione. Pregnanetriol is pregnane-3a,17a,20a-triol. 
Dehydroepiandrosterone (DHA) is 38-hydroxy-A*-androstene-17-one. 


} 
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PARTITION COLUMN ON 5gms. ALUMINUM SILICATE 
Stationary Phase — 50% Ethanol 
Mobile Phase — Hexane + Increasing CHCi; 


STRUCTURE 
mi. | 
ELUANT: 
20 Pregnanediol 
Hexane 30 DHA 
100% 40 
50 
60 Androstanediol \ Doc 
70 A= androstene; 
diol 
90% 10- 1-OH-Etioche 
Hexane 20-4 anolone 
drenoster- EX Pregnanetriol 
5% one 2I-Deoxy- 
cholanolone Cpd.s 
70% 10> Cpd-B 
Hexane 20-4 
30+ 
30% 40- Tet. F 
CHCL 50- 
60 Reichst. 
Subst.E 
50% Hexane | 50mi Very Polar 
50% CHCL Corticosteroids 


Fig. 1. Elution sequence and approximate positions of various steroids from the 
standardized partition column. The steroids (100 wg.) were applied singly, or in pairs 
which would be widely separated; 5-ml. portions of the eluates were collected, dried, 
and tested qualitatively by either the Zimmermann (26), CrO;-KS (18), S-P (9) or 
FS (8) reactions. 

Reichstein’s substance E was eluted between 50 and 75 ml. of 70 per cent hexane +30 
per cent CHCl;. 

21-Deoxycortisone = 17a-hydroxy-A*-pregnene-3,11,20-trione; Tet F= tetrahydro- 
cortisol; DOC = 11-deoxycorticosterone; Etiocholanetrione = etiocholane-3,11,17-trione; 
11-OH-etiocholanolone = 3a,118-dihydroxyetiocholane-17-one; Adrenosterone = A‘- 
androstene-3,11,17-trione; 11-OH4AD = 118-hydroxy-A*-androstene-3,17-dione; Andro- 
stanedione = androstane-3, 17-dione; Androstanedio] = androstane-3, 178-diol; A®-Andro- 
stenediol =A*-androstene-38,178-diol. Other names are given in footnote 1. 


the volumes of previous eluants as well as their composition, so that the 
positions shown in Figure 1 obtain only when the column is operated in the 
prescribed manner. Since different lots of hexane may vary, the mobile 
solvent compositions necessary to reproduce these separations should be 
checked. Quantitative recoveries of representative reference compounds 
were between 85 per cent and 100 per cent. 


> 
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Florisil as the supporting phase 


When exactly the same procedure was followed as with the silicate, the 
positions of DHA, adrenosterone, 11-deoxycortisol and tetrahydrocortisol 
were nearly the same with Florisil (100/200 mesh), but the band width 
was a little greater. 


APPLICATION OF THE PARTITION COLUMN TO EXTRACTS OF URINE FROM 
HUMAN SUBJECTS 


Preparation of urine extracts 


In order to hydrolyze both glucuronosides and sulfates with minimum destruction of 
corticosteroids, the urine was first incubated for seventy-two hours with 8-glucuronidase, 
using 400 units per ml. of urine. After acidifying to pH 0.8, the urine was then contin- 
uously extracted with ether for forty-eight hours. It is known that this procedure, 
though most expedient for our purpose, does not release all conjugated steroid metabo- 
lites (1, 19, 20). Our experiments reported here also demonstrate that substantial addi- 
tional amounts of both Ci, and Cz steroids were liberated by a subsequent hydrolysis 
with hot acid. For some clinical studies a more efficient hydrolysis, such as method “E”’ 
‘of Kappas and Gallagher (21), might be advantageous. 

The neutral fraction (NF) was prepared by washing the ether extract twice with one- 
tenth volume of 1 N sodium hydroxide, and once with one-tenth volume of 0.02 NV 
acetic acid in 25 per cent sodium chloride. Each wash was backwashed with 500 ml. of 


ethyl"acetate. 


Column chromatography of urine extracts 


Urine collected from a variety of subjects (listed in Table 1) was ex- 
tracted and chromatographed on the column as described previously. An 
aliquot of each eluate was taken for paper chromatography, and other 
aliquots were quantitatively assayed. 


Paper chromatography of column eluates 


The possibility existed that the steroids in complex mixtures such as 
urine extracts might not distribute themselves in the same way as the 
pure reference compounds shown in Figure 1. Consequently, aliquots of 
each eluate were re-chromatographed on paper in order to define the chief 
metabolites present in each of the 4 main fractions (22). Reference com- 
pounds consisted chiefly of the major expected metabolites. The predomi- 
nant urinary C.; a-ketolic and C,, 17-ketonic steroids were sought by spot 
tests on the papergrams. 

Figure 2 shows papergrams of the “‘corticosteroid”’ eluate, C. The urine 
of all subjects furnished compounds corresponding to tetrahydrocortisol 
and tetrahydrocortisone in this eluate. That there was little or no trailing 
of these metabolites into the D eluate is shown by the low quantitative 
titers of the latter (Table 2). No 17-ketosteroids were carried into the C 


5 


TABLE 1 


Day’s urine 
Subject Age | Code Remarks iene 
column 
Normal female 52 9 — 0.25 
Pregnant female 38 | Preg. 6 months’ pregnant 0.25 
Normal male 26 0.25 
Cirrhosis of liver, male 40 | Cirr. Urinary aldosterone about 0.50 
; 40 wg. per day* 
Adrenogenital syndrome, 23 | AGS Hirsutism, acne, no ana- 0.25 
femalet tomic abnormality; no 
treatment 
Adrenal carcinoma with | 30 | AC-I No treatment 0.10 
Cushing’s syndrome, fe- AC-II | During amphenone ther- 0.10 
malet apy 
AC-III | During 5 days after cessa- 0.10 
tion of amphenoné 


* The aldosterone bioassay was kindly performed on our extract, eluate C, by Dr. 


Grant Liddle. 


+ Urine from:these subjects was made available through the cooperation of Drs. 


M. C. Li and Roy Hertz. 


TABLE 2. QUANTITATIVE ASSAYS ON ELUATES FROM THE PARTITION COLUMN: 
EXTRACTS OF URINE FROM VARIOUS HUMAN SUBJECTS (TABLE 1) 


Excretion values (mg. per 24 hrs.) in Subject: 
Assay 
Chief steroid group Eluate oa 
| Pree. | | | acs | ac-r | | AC-III 
CieO2, androgen metabolites A CrO;-KS 2.5 5.6 5.4 9.3 16.5 26.4 22.9 73.8 
C1903, 11,17-oxycorticoid 
metabolites B CrO;-KS 2.2 5.3 4.6 4.8 3.6 41.0 16.2 39.7 
Total 17-hydroxycorticoids Cc CrO;-KS 5.1 6.5 10.9 6.5 5.2 |160.0 55.4 55.6 
D CrO;-KS | 0.2 1.0 0.7 0.4 0.7 4.2 3.0 2.2 
Total C+D 5.3 7.5 11.6 6.9 5.9 |164.2 58.4 57.8 
21-Hydroxycorticoids A FS 9.6 _ _ 0.1 3.5 7.8 4.2 2.9 
B FS 6.0 0.9 _— 1.6 1.3 7.8 1.2 2.0 
D FS 0.1 0.4 0.3 0.3 0.4 2.5 0.6 0.6 
Total C+D 5.8 6.9 7.4 8.4 8.9 82.2 12.6 12.3 
17,21-Dihydroxy-20-ketonés A 8-P _ 0.08 0.24 — 
B 8-P 0.15 — 0.15 | 0.08 | 0.77 | 0.29] 1.13 
Cc 8-P 1.93 2.02 —_— 3.25 1.92 | 43.36 9.44 8.93 
D 8-P 0.04 0.13 —_ 0.10 0.12 1.42 0.74 0.55 
Total C+D 1.97 2.15 3.35 2.04 | 44.78 | 10.18 9.48 
17,20-diols and 17,20,21- 
triols Cc HIO.-KS| 1.5 2.1 _ 2.4 1.6 4.6 0.5 0 


i 
: 
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SUBJECT—————_> | 2 Precicirr. gf AGS/ACI ACIE 


NFl | NFI NFI | NFI NFI NEI 
EXTRACT AND DAYS——> | 18.04 1.002 005.005 


.04 
COLUMN | REF. 
ND | gract. | cpps. 


TIME 
BUSHB4| 
8 HRS. 
RUNOFF 
BUSH B4 
SFTB RE} || ° 
BIFOHEt 
GB STRONG 
TPT 


Fig. 2. Paper chromatograms of the corticosteroid eluates (C) from the partition 
‘column, derived from the urine of various human subjects (see Table 1). 

NF1 is the neutral fraction prepared after continuous ether extraction of the urine 
at pH 0.8 following incubation with 8-glucuronidase. Numbers refer to the aliquots 
chromatographed, in fractions of one day’s extract. 

Bush B4 system (22)—toluene: methanol: water, 100:50:50. “SFTB” indicates that 
the solvent front was allowed to run just to the bottom of the paper. TPT =reduction of 
triphenyltetrazolium chloride. DNBz=the alkaline m-dinitrobenzene test for 3- or 17- 
ketosteroids. 

TF =tetrahydrocortisol; TE =tetrahydrocortisone; DE=dihydrocortisone (pregnane- 
17a,21-diol-3,11,20-trione); A=11-dehydrocorticosterone; 11-OH-Et =118-hydroxyetio- 
cholanolone; 11-OH4AD = 118-hydroxy-A‘-androstene-3, 17-dione. 


fraction from any of the extracts, as indicated by negative findings when 
tested with alkaline m-dinitrobenzene. Thus it was shown that this eluate 
contains a well separated corticosteroid fraction of urine extract. Certain 
21-deoxy-20-hydroxy steroids such as _ pregnane-3a,118,17a,20a-tetrol 
and its 11-keto analogue would also be in eluate C. Aldosterone is ex- 
tracted by our procedure and also eluted in this fraction, as judged by 
the results of bioassay in the male patient with cirrhosis of the liver 
(Table 1). 

Figure 3 shows the 2 chief C,, eluates, A and B. All the B eluates yielded 
positive reactions with alkaline m-dinitrobenzene, corresponding to the 
expected metabolite 11-ketoetiocholanolone. The urine of Subject AC 
showed bands opposite 38,116-dihydroxyandrostane-17-one. No 
ketosteroids were found in this eluate. With the triphenyltetrazolium test, 
no reducing corticosteroids were found on any of the papergrams. Hence 
the B eluate from all urine extracts contained a C,,O; fraction, clearly 
separated from most a-ketolic corticosteroids on the one hand, and from 


ALL 
ONBz 
NEG. 
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androgen metabolites on the other. C2,0; steroids, such as pregnanetriol 
and 17-hydroxypregnanolone, for which no tests were made on the paper- 
grams, would also be expected in this eluate. 

Figure 3 also shows the C,,0, 17-KS which were eluted in the A fraction. 
The eluates from most subjects gave well defined reactions opposite 
both etiocholanolone and androsterone, and a band corresponding to 
DHA was found in 5 cases. No C,,0; 17-KS were found. 17-Ketosteroids 
less polar than androsterone are also included in the A fraction, as shown 
by the reactions below androstane-3,17-dione in the subject (AC) with 
adrenal carcinoma. If the A*" artifacts of the dehydration of 118-hydroxy 
C,, steroids were present, they would presumably also be in the A fraction. 


SUBJECT | 92 PREGICIRR. gf AGS ACI |ACIL 
EXTRACT AND DAYS——*| ‘ba | “to ‘os ‘oe “43 | 005 ‘tea | 00s 


SYSTEM | PARTITION| per 
AND COLUMN 
TIME | FRACTION | CPDS 


BUSH BI 3, 
SFTB | 


| 


2 2 

> 
La 


ONBz TESTS: MIC EC @Z2GREY 


Fic. 3. Paper chromatograms of the ‘‘C,)” eluates (A and B) from the partition col- 
umn, derived from the urine of various human subjects (Table 1). 

NF? is the neutral fraction of the extract prepared after the residual urine from the 
preparation of NF1 was subjected to hot acid hydrolysis (Fig. 2). Numbers refer to the 
aliquots chromatographed, in fractions of one day’s extract. 

Bush B1 system (22)—toluene :ligroin: methanol: water, 50:50:70:30; Al system— 
ligroin: methanol: water, 100:90:10. SFTB = “solvent front to bottom.” 

TPT =reduction of triphenyltetrazolium chloride; DNBz=alkaline m-dinitrobenzene 
spot test for 3- or 17-ketosteroids; U. V.=dark spot under short wave ultraviolet light. 
“Grey” DNBz reaction =an instant bluish purple quickly turning to grey. 

3,11-OH-An =38,118-dihydroxyandrostane-17-one; 11-K-Et = 11-ketoetiocholanol- 
one; Adreno.=adrenosterone; E’trione=etiocholanetrione; Etio. =etiocholanolone; 
Andr. = androsterone;A‘A. = A‘-Androstene-3, 17-dione; A’dione = androstane-3, 17-dione; 
A-17-one = androstane-17-one; O =no reaction visible. 


pom | ———li—_a= 
A 
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However, our technique of hydrolysis is not known to produce these 
artifacts (2). It is concluded that eluate A is essentially free of Ci,O; 
steroids, and contains most C,,02 and C,,0 androgen metabolites. C20. 
steroids, such as pregnanolone and pregnanediol, would also appear in 
eluate A. 

When the ‘‘front”’ eluate was chromatographed (not shown) no 17-KS 
were detected except in Subject AC, in whose eluates pooled for all 3 peri- 
ods (NF1) there was a weak reaction just below androstane-3,17-dione, the 
least polar C,,0, steroid. The “front” eluate of NF2, after hot acid hydrol- 
ysis (see subsequent section) yielded a large amount of this material, the 
mobility of which indicated that it was a CisO compound. Hence, a sep- 
arate assay on this eluate is of value in detecting substantial amounts of 
C,,0 steroids. 


QUANTITATIVE ASSAYS 


Since the normal human adrenal cortex secretes at least 3 steroid sub- 
stances in addition to aldosterone (23), assessment of the total steroid 
production of the gland requires some measure of the metabolites of each 
steroid. Two chemical determinations, which together measure the major- 
ity of known adrenocortical metabolites, were employed for this purpose: 

1. The determination of 17-KS after oxidation with chromic acid, 
- CrO;-KS (18), applied to all eluates. 

_ 2. The determination of formaldehydogenic steroids, FS, applied to 
eluates C and D (8).? 

The CrO;-KS assay will determine all 17-oxygenated C,, steroids, both 
ketonic and non-ketonic, except those with an oxygen at both C-16 and 
C-17. It may be recalled (18, 26) that differences in chromogenic capacity 
are minimized by oxidation of Ci, steroids to the corresponding diketones 
or triketones. The method also determines C2: 17-hydroxy steroids of all 
types, including pregnanetriol, 17-hydroxypregnanolone, the cortols, 
cortolones (17) and related 20-hydroxy compounds, as well as 17,21- 
dihydroxy-20-ketones. 

The FS assay measures 21-hydroxy corticosteroids. A rapid diffusion 
technique (I b, 8) has given excellent results in this study. No retention of 
formaldehyde was found in the corticosteroid eluates C and D. 

Figure 4 shows the steroid side-chains which have been found in major 
urinary metabolites of the known and postulated adrenocortical precursors, 
together with chemical reactions for their determination. It is apparent 
that all important known metabolites react in either the CrO;-KS or FS 
assays. 


2 An oven temperature of 70° C. for the diffusion step rather than 85° C. has greatly 
reduced the reagent blank absorption, and is now recommended. 


| 
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ADRENOCORTICAL SIDE CHAIN OF CHIEF CHEMICAL 
SIDE CHAIN COLUMN 
CORTISOL ¢H0H C OR CrO3-KS, FS, S-P, BT 
=O CHZOH 
CH,OH SOH —» C OR D—}— CrO5-KS, FS, HIO4-KS 
B OR C—+— CrO3-KS 
=O. CrO3-KS, 17-KS 
CORTICOSTERONE | CH20H ec FS, BT 
CH3 DNPH, WEAK CrO3-KS OR 
=0 17-KS 
c=0 CH 
B OR H,SO, 
O CrO3-KS, I7-KS 
A*-ANDROST-| 
ENEDIONE: > A CrO3-KS, 17-KS 
17-HYDROXY- > — CrO3-KS 
PROGESTERONE 3 > CrO3-KS, HIO4-KS, ACETALD. 
OH O >A CrO3-KS, 17-KS 
=O > - 
2 21-DEOXY- H3 *B OR CrO3-KS 
CORTISOL CrO3- KS, HIQ,-KS, ACETALD. 
CrO5- KS, 17-KS 


Fig. 4. The major known and postulated primary adrenocortical secretory products, 
side-chains of their chief metabolites, and chemical reactions for the determination of 
metabolites. 

“2” indicates steroids not definitely proved to be adrenocortical products or metabo- 
lites. 

Metabolites of the same precursor, having the same side-chain, may differ in the ex- 
tent of oxidation of other groups (not shown) and hence be eluted in more than one frac- 
tion. 

The following determinations are referred to: CrO;-Ks (18), FS (8), and S-P (9): 
BT =reduction of blue tetrazolium; 17-KS=preformed 17-ketosteroids; H1O.-KS= 
Cy 17,20-diols or 17,20,21-triols (16); DNPH=reaction with dinitrophenylhydrazine 
(24); H.SO,=formation of a yellow color in concentrated sulfuric acid; ACETALD = 
acetaldehydogenic steroid determination (25). 


Since the partition column resolves the C,, metabolites into 2 groups, 
C10, and C,,0; steroids, the CrO;-KS determination alone applied to 
eluates A and B suffices to measure the total of each type excreted. This 
reaction does not measure 17-deoxy-21-hydroxy steroids, such as cortico- 
sterone and its metabolites; hence the FS determination is applied to 
eluates C and D in order to include these substances. 


; 
& 
x , cr 
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Other assays applicable to eluates of the partition column 


More detailed information as to the groupings contributing to the 
CrO;-KS titer can be obtained from the following determinations: 

1. Determination of pre-formed 17-KS by the micro-Zimmermann re- 
action (26) on eluates A and B. 

2. The Silber-Porter (S-P) reaction (9) on eluates C and D. 

3. The determination of both 17,20-diols and 17,20,21-triols, by oxida- 
tion to 17-ketones (HIO,-KS) (16), on eluates C and D. 


Determination of individual steroid metabolites 


When excretion levels are abnormally high, the following individual 
steroid metabolites can be estimated after collecting smaller eluates of ap- 
propriate regions of the column (Fig. 1). Accurate determinations of nor- 
mal amounts require additional purification. 

1. Dehydroepiandrosterone; by application of a specific color reaction 
(27). 

.2. Pregnanediol; by the concentrated sulfuric-acid method, using the 
Allen correction (28). 

3. Pregnanetriol; by the HIO.-KS determination (16). 


Quantitative assays on column eluates of extracts of urine 


Table 2 shows the titers obtained with the 2 standard assays, CrO;-KS 
- and FS. S-P values and HIO,-KS reactants (16) on the C eluate are also 
included. 

Eluate A, ‘‘C\,;O2’’ Expected differences between the results in various 
subjects are clearly apparent, as the normal male level was more than three 
times that in the female, whereas in Subject AGS the titer was sharply 
elevated over both. The separation of this group from the C,,O; steroids 
resulted in a clear-cut differentiation of androgen metabolite excretion 
among these subjects. 

Eluate B, ‘‘C\O3’ In normal persons this eluate should consist largely 
of 1l-oxygenated C,, steroids, metabolites both of cortisol and of 11/- 
hydroxy-A‘-androstene-3,17-dione (29,30). The CrO;-KS assay would also 
determine C,, 17-hydroxy steroids eluted in this fraction, such as preg- 
nanetriol and 17-hydroxypregnanolone. Table 2 shows that this titer was 
not elevated in Subject AGS, hence none of these metabolites was present 
in abnormally large amounts. In contrast, the very high value for Subject 
AC-I made further tests necessary, in order to differentiate the reactants. 

Dehydroepiandrosterone in Eluate A. Since DHA is not a metabolite of 
testosterone (1) nor, presumably, of an adrenal androgen, its contribution 
to a high titer in eluate A must be determined before the excretion of ‘‘an- 
drogen metabolites’’ can be evaluated. In the present study this was done 
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and the results have been taken into account in our interpretations. 

Formaldehydogenic steroids in Eluates A and B. Although few or none 
of the formaldehydogenic steroids of urine would be expected in these 
fractions, Table 2 shows occasional high titers of FS. A similar observation 
was made by Romanoff et al. (31). The high values in the normal female 
compared to those in the patient with adrenal carcinoma indicate that 
these assays probably do not represent steroid material, and they have 
hence been discounted in our calculations. 

Corticosteroids in Eluates C and D. The separation of corticosteroids from 
other metabolites is shown by the high concentration of both FS and 
S-P reactants in most subjects (Table 2). Even in Subject AC-I, in whom 
there was an unusual variety of metabolites, 95 per cent of the total S-P 
reactants were in the C fraction. The low titers of all D eluates attest to the 
complete elution of even highly polar corticosteroids. 


INTERPRETATION OF QUANTITATIVE TITERS—ELUATES C AND D 


The CrO;-KS and FS methods are well suited to the detection of dif- 
ferences in adrenocortical output, since variations in the excretion of any 
type of urinary corticosteroid will be revealed by one or the other method. 
For example, in both the pregnant and the cirrhotic subject corticosteroids 
were slightly elevated as measured by the CrO;-KS but not by the FS 
method, whereas in Subject AGS a high value was found by the FS but 
not by the CrO;-KS method. However, the overlapping of reactants in 
these 2 procedures means that an absolute figure for total measurable 
C2, steroids cannot be deduced without further specific tests, viz, S-P 
and HIO.-KS (9, 16). When the value by the FS method exceeds that 
by the CrO;-KS method, the presence of 17-deoxy-21-hydroxy cortico- 
steroids is indicated. On the other hand, when the CrO;-KS value is higher, 
17-hydroxy-21-deoxy steroids (which are not formaldehydogenic) must 
be present. This is clearly seen in the man with cirrhosis and the woman 
with adrenal carcinoma (AC-I,II,III). . 

The results by the S-P method invariably fell below those by the 
CrO;-KS and FS methods, comprising 35-55 per cent of the CrO;-KS in 
normal persons, and less in the abnormal subjects (Table 2). This in- 
dicated the presence of considerable amounts of both 17-hydroxy and 
formaldehydogenic steroids which were not 17,21-dihydroxy-20-ketones. 

Values obtained by the HIO,-KS method on eluates C and D represent 
chiefly 17,20,21-triols, but they would also include any polar 21-deoxy 
17,20-diols, such as pregnane-3a,118,17a,20e-tetrol and its 11-keto an- 
alogue (32). Table 2 shows that in most subjects this titer was roughly 
equal to that obtained by the S-P method—demonstrating the importance 
of these metabolites. : 
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DEDUCTIONS FROM QUANTiTATIVE ASSAYS ON FRACTIONS 
OF URINE EXTRACT 


The advantages of a comprehensive yet simple method for analysis of 
urinary steroids are best emphasized by the deductions which can be made 
regarding adrenocortical steroid secretion and metabolism in the subjects 
presented. 

None of the indices of corticosteroid excretion were appreciably elevated 
in the pregnant female. In the cirrhotic subject, a normal titer of urinary 
C,,0; steroids pointed to an unimpaired mechanism for removal of the 2- 
carbon 17-hydroxycorticoid side-chain. Subject AGS did not have the 
classic adrenogenital syndrome, since pregnanetriol excretion was not 
excessive. She did, however, have a “‘transitional’”’ abnormality, in which 
there was a sharp selective elevation of C,,0: (androgen) metabolites 
without any other irregularity in steroid excretion. 

The patient with adrenal carcinoma and Cushing’s syndrome provides 
an excellent example of the information to be gained by combining simple 
chromatographic fractionation and multiple specific chemical assays. 
During ‘her control period (AC-I), all 4 fractions from the column were 
elevated 10-fold or more, showing that the tumor was elaborating a variety 
of products. Most noticeable was the approximately 25-fold elevation of 
CrO;-KS in the corticosteroid eluate, C, as compared to a 12-fold increase 
in FS. The large difference between these 2 titers, amounting to about 80 

_ ng. per day, discloses a major group of metabolites not found in the other 
subjects. These may well have included compounds such as 21-deoxytetra- 
hydrocortisol or 21-deoxytetrahydrocortisone, representing a precursor 
such as 21-deoxycortisol (33). An incomplete 21-hydroxylating process in 
this carcinoma is thus suggested, though the presence of unusually polar 
C,, steroids must also be considered. Polar 17,20-diols, such as 3a,17a, 
20a-trihydroxy-pregnane-1l-one, do not account for the CrO;-KS titer; 
nor were 17,20,21-triols elevated in proportion to other metabolites, as is 
shown by the low HIO.-KS titer in eluate C (Table 2). 

In this patient, the interpretation of the effect of amphenone on the 
excretion of Ci, steroids, as revealed by our technique, was quite different 
from that deduced from 17-KS determinations on the total neutral ketonic 
fraction (34). The latter titers were lowered by about 50 per cent during 
treatment and returned to the control level on withdrawal of the drug. 
This would ordinarily be interpreted as a reversible suppression of C,,O. 
adrenal androgen production. In contrast, the values on the A and B 
eluates obtained by our method show that there was almost no change in 
C,,02 steroids during amphenone therapy, whereas there was a striking 
diminution in CO; and C. metabolites. On withdrawal, there was a 
sharp rebound of both C,,02 and C,,0; steroids to almost three times con- 
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trol levels, whereas the corticosteroids remained depressed. These analyses 
furnish information regarding C,, metabolites similar to that reported by 
Gallagher (35) after isolation, identification, and assay of 6 individual 


metabolites. 


Effect of hydrolysis with hot acid. The residual urines from Subjects AGS and AC-I 
were acidified to 5 per cent sulfuric acid, heated to 90° C. for twenty minutes, and 
continuously extracted with ether for twenty-four hours. The neutral fraction of this 
extract (NF2) was then chromatographed on the partition column, and assayed by the 
CrO;-KS method. The largest increment was in the least polar (“front’’) eluate, which 
contained 66 per cent and 97 per cent of the respective totals. In Subject AC-I the yield 
of Ci». metabolites was doubled. There were substantial increments in other fractions 


also. 
Aliquots of the A and B eluates were chromatographed on paper as shown in Figure 


3. The B eluate for both subjects yielded more of the material opposite 11-ketoetiocho- 
lanolone and also a more polar Zimmermann reactant. The A eluates had bands opposite 
DHA, etiocholanolone, and androsterone. The “front” eluates had bands opposite 
androstanone-17, and in Subject AC-I there was a large amount of material, the ultra- 
violet absorption spectrum of which indicated that it was A**-androstadienone-17. 
Adequate hydrolytic procedures are clearly needed to reveal the true pattern of 


urinary steroids. 


DISCUSSION 


It is apparent that much valuable information regarding adrenocortical 
activity in our subjects was gained by the analytical procedures described. 
Yet all the data were obtained by one person within six working days after 
preparation of the urine extract. Two patients can be followed daily 
when only the CrO;-KS and FS determinations are used. 

The studies of Lieberman, Dobriner, Kappas and associates (21, 36, 
37) have emphasized the value of quantitative isclation of urinary Ci 
steroids. Our approach serves a similar purpose, with far less labor. Fur- 
thermore, it includes differential analyses of the various types of cortico- 
steroids. Fractionations, such as the Girard separation of ketonic steroids 
(38) or benzene-water partition of aprtinostennite (39), become unneces- | 
sary for routine analyses. 

Although various columns of both partition and adsorption types 
have been recommended for analysis of extracts of urine and blood (31, 
40-42), our method is simpler and offers equal if not greater resolution. 
Partition column chromatography, with stepwise gradient development, 
permits controlled elution of the entire spectrum of urinary steroids with 
simple apparatus. The synthetic alumina-silica supporting phase yields 
narrow bands and reproducible retention volumes. It consists of smoothly 
rounded spheres which readily form a homogeneous column. 

Colorimetric assays are rendered more sensitive to small differences, 
by the removal of most nonsteroidal contaminants; they are also made 
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more informative by the fractionation of certain groups of metabolites 
according to their glandular precursors. Reactions which determine as 
many types of steroid metabolites as possible are advantageous in the 
measurement of total adrenocortical output. Variations in the composition 
of the adrenocortical secretory mixture, or in catabolic pathways and end- 
products, have less effect on total excretion values than when a single 
specific assay is used. For example, only 20-30 per cent of the metabolites 
of administered cortisol retain the S-P reactive side-chain (43). Hence, if 
this proportion changes, or if the composition of the secretory product al- 
ters, these titers will no longer vary in parallel with actual adrenocortical 
activity. 

Studies from this laboratory have demonstrated the sensitivity of the 
method in detecting changes in adrenocortical output in dogs responding to 
stressful procedures (44). 
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METABOLISM OF CORTISOL-C" IN SUBJECTS 
WITH ADDISON’S DISEASE 


To THE EpiTor: 


HE purpose of the present study was to compare the metabolism of 
intravenously administered small doses of cortisol-C™ in subjects 
completely devoid of 17-hydroxycorticosteroids (5 patients with Addison’s 
disease) with that in a group of subjects with normal adrenocortical func- 
tion. 
MATERIALS AND METHODS 
In selecting the subjects with Addison’s disease only those with no demonstrable 17- 
hydroxycorticosteroid levels in the plasma, before and after infusion of ACTH, were 
included (1). All the subjects were maintained in satisfactory clinical condition with 
replacement therapy. Oral cortisone acetate was omitted for five days or more before 
the study, which was carried out at a time when the patients needed an injection of 
desoxycorticosterone (DOC). This injection was not given until after completion of the 
study. None of the subjects had had tuberculosis; consequently their disease was thought 
to be of the “primary, idiopathic” type. The control group consisted of 5 subjects who 
had undergone minor surgery and were in good condition at the time of the study. Each 
subject was given an injection of 1 uC. of cortisol-4-C™ (10 uC. per 2.45 mg.). The 
methods for injection of the intravenous cortisol-C', determination of radioactivity, 
hydrolysis, and extraction of the urine and plasma, have been described previously 
(2, 3). 


RESULTS 


Figure 1 shows the clearance of the mean radioactivity of the uncon-: 
jugated fractions from the plasma of the 2 groups—Addisonians and con- 
trols. Extrapolation of the major part of the curve to zero time reveals that 
in the subjects with adrenal insufficiency the half-time of the labeled un- 
conjugated steroids in the plasma was approximately seventy-five minutes 
and in the control group, ninety minutes. The value for the control group 
was identical with that found, using similar methods, for normal subjects 
(4). The higher levels of radioactivity in the plasma of the subjects with 
Addison’s disease may be due to the fact that the calculations were based 
on the assumption that 5 per cent of the body weight constituted the 
plasma volume. In the case of the subjects with adrenal insufficiency the 
5 per cent figure may be too high, since the lack of the medications (DOC, 
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cortisone) probably led to a contraction of the patient’s plasma volume. 
Hence, had the total plasma volume in the patients with adrenal in- 
sufficiency been calculated on the basis of 3—4 per cent of the body weight, 
the concentrations of radioactivity would have fallen within the range 
seen in the control group. The mean concentration of radioactivity in the 
plasma glucuronidate fraction was much higher in the Addisonian patients 
than in the control group. The data presented in Figure 2 may provide a 
partial answer. It is apparent that although the subjects with Addison’s 
disease excreted on the average about 90 per cent of the dose of radio- 
activity in forty-eight hours, as did the control subjects, the rate of ex- 
cretion was slower, especially during the first twelve hours, than in the 
control group. We think that the persistence of the high levels of radioac- 
activity in the plasma glucuronidate fraction during the first four hours is 
due to the slower excretion of the steroids in the urine in the subjects with 
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Fig. 1. The mean clearance of uncon- 
jugated and glucuronidated steroid radio- 
activity from the plasma of 5 subjects with 
Addison’s disease and 5 non-Addisonian 
subjects following the intravenous injec- 
tion of cortisol-C'. 


Fig. 2. The mean cumulative urinary 
excretion of radioactivity following the 
intravenous injection of cortisol-C™ into 5 
subjects with Addison’s disease and 5 con- 
trol subjects. The amounts of radioactivity 
present in the total urine following various 
extractive and hydrolytic procedures are 
shown in the 2 columns. 
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Addison’s disease. This phenomenon may be related to the reduced glom- 
erular filtration rate seen in such patients, or to the difficulty they have in 
the excretion of water in the urine (5, 6). Negligible amounts of radio- 
activity were present in the plasma “‘sulfate”’ fraction and in the fraction 
released by hot acid. 

Figure 2 also demonstrates the mean amounts of radioactivity extracted 
by the various procedures from the urines of the Addisonians and the con- 
trol subjects. There was no significant difference between the 2 groups, the 
major fraction being conjugated with glucuronic acid. 


DISCUSSION 


The results of the present study indicate that the metabolism of cortisol- 
C* in subjects completely depleted of the steroid does not differ substan- 
tially from that in control subjects. The ‘slightly shorter half-time of the 
unconjugated steroids in the plasma of the Addisonian group is difficult to 
interpret. The higher radioactivity in the unconjugated and glucuronidate 
plasma fractions is probably related to the smaller plasma volume in these 
patients and/or the slower urinary excretion. 

The metabolism of radioactive cortisol has been reported by Hellman 
et al. (7) in a subject with breast cancer treated by adrenalectomy. The 
urinary excretion of radioactivity did not differ materially from that of 
3 other subjects studied, and from that found in our study. Interestingly, 
the highest levels of radioactivity in the blood of the group studied by 
Hellman et al. were obtained in the adrenalectomized patient following 
omission of hormone therapy for forty-eight hours. This again is in agree- 
ment with our results. Sayers et al. (8) studied the metabolism of large 
doses (100 mg.) of intravenously administered cortisol in 2 patients with 
Addison’s disease and a subject with normal adrenocortical function. The 
patients with adrenal insufficiency were studied before, during, and after 
institution of therapy; both had demonstrable levels of 17-hydroxycortico- 
steroid in the plasma (5 ug. per 100 ml.), but these levels did not rise during © 
an infusion of ACTH. The clearance of cortisol from the plasma in these 
Addisonians did not differ greatly from that in the normal subject, al- 
though the lowest levels of 17-hydroxycorticosteroids were seen in the 
latter. In the studies of Sayers et al., (8) the half-time of the cortisol in the 
plasma was not greatly divergent from that observed by us, considering 
the differences in the methods used and the materials measured. Sayers 
et al. believed that their data indicated impairment of renal excretion of 
conjugated 17-hydroxycorticosteroids by subjects with Addison’s disease. 
The results of the present study also suggest that this is a major factor. 
Peterson et al. (9) reported a normal rate of disappearance of cortisol from 


; 
- 


June, 1958 METABOLISM OF CORTISOL-C" 665 


the plasma in 3 subjects with hypoadrenalism, but detailed data were not 
_ given. 
CONCLUSION 


Cortisol-C™ is metabolized in Addisonian subjects, completely devoid of 
17-hydroxycorticosteroids, at a rate which is not greatly divergent from 
that in subjects with normal adrenocortical function. In Addison’s dis- 
ease, the renal excretion of the metabolites of cortisol-C' is somewhat 
impaired. 

Avery A. SANDBERG, M.D. 

W. Roy SLAuNWHITE, JR., Pu.D. 
Rosewell Park Memorial Institute, 
Buffalo, N.Y., 
_ November 29, 1957 
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IDENTIFICATION OF A*-PREGNENE-118,208,21- 
TRIOL-3-ONE IN URINE EXTRACT AFTER 
ADMINISTRATION OF 11-DEHYDROCORTI- 

COSTERONE ACETATE* 


To THE EpriTor: 


Urine was collected for forty-eight hours during the administration of 
200 mg. per day of 11-dehydrocorticosterone acetate to a woman with 
severe anterior pituitary insufficiency. Untreated, the subject had a very 
low.excretion of alpha-ketolic and 17-keto steroids. The urine was ex- 
tracted with chloroform after being subjected to hydrolysis with glu- 
curonidase and with scid. Paper chromatography was performed és previ- 
ously described (1). Approximately 750 micrograms of a substance not re- 
acting with blue tetrazolium but absorbing ultraviolet light was found at 
the hydrocortisone position in the toluene: propylene-glycol system. This 
represented a 36-hour portion of the urine collection, after utilization of a 
12-hour portion for other purposes. 

This substance (unknown #1) was isolated and found to have the follow- 
ing characteristics (Table 1), indicating that it was A‘-pregnene-116,208, 
21-triol-3-one. Chromatography as the free compound in 3 systems, and in 
2 systems as the acetate, showed that it had mobilities similar to that of an 
authentic sample of 
The reference standard was kindly supplied to us by Dr. Karl Pfister of 
Merck & Company. The acetylated unknown substance was oxidized by 
chromium oxide solution (3 mg. of CrO; in 10 ce. of glacial acetic acid) 
presumably to the 11-ketone derivative (A*-pregnene-20B,21-diol-3,11- 
dione-diacetate). The substance produced by oxidation had the same 
running rate in the methyleyclohexane:propylene-glycol system as the 
acetylated and oxidized standard A‘-pregnene-118,208,21-triol-3-one. 

Approximately 10 micrograms of the unknown and of the reference sub- 
stance when tested for fluorescence with sulfuric acid by our modified. 
method (1) exhibited an intensity of fluorescence approximately 24 per 
cent of that exhibited by 10 micrograms of corticosterone. Of 21 neutral 
steroids studied by this method, testosterone 17a and ‘‘S glycol’ (A*-preg- 
nene-17a,20?-21-triol-3-one) were the only ones not having both the 11-OH 
and the A‘ 3-keto groups which produce fluorescence comparable to that of 
A‘-pregnene-11,208,21-triol-3-one. The mobilities of these 2 substances 
were considerably greater than those of the unknowns or the reference 
compound. Peterson (2) and Sweat (3), using slightly different technics, 


* This investigation was supported in part by research grant H-922 from the Na- 
tional Institutes of Health, Public Health Service and by a grant from the American 
Heart Association. 
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did not find significant fluorescence unless both these groups were present. 
The spectrometric absorption curve of the unknown in sulfuric acid (10 


micrograms in 0.4 cc. of concentrated sulfuric acid) contained peaks similar 


to those in the absorption curve of the authentic compound. The shape 
of the curve did not resemble that of other steroids tested by us or re- 
ported by Zaffaroni (4) or Bernstein and Lenhart (5)—with the exception 
of the curve for unknown #3 (believed to be the 20a epimer) and possibly 
118-hydroxyandrostenedione (excluded on the basis of mobility alone). 

A bright yellow fluorescence in ultraviolet light after spraying with 
alkaline blue tetrazolium solution (6) and maximum light absorption in 
ethanol at 240 millimicra suggested the presence of an alpha-beta un- 
saturated ketone in ring A. 

The lack of reaction with blue tetrazolium indicated that the side-chain 
was probably not an alpha-ketol. The unknown and the authentic stand- 
ard both reacted with 0.25 per cent KIO, immediately, yielding a white 
spot with 5 to 10 micrograms in the KIO,-benzidine test of Cifonelli and 
Smith (7), thus indicating the presence of 2 oxygens on adjacent carbon 
atoms. This test appears to be more sensitive for the three 20,21-glycols 
concerned (A.-pregnene-118,208,21-triol-3-one, A,-pregnene-118,17a,208, 
21-tetrol-3-one and its 20a epimer) than for the other tested steroids hav- 
ing oxygen atoms on adjacent carbon atoms (11-desoxycorticosterone, 11- 
desoxyhydrocortisone, pregnantriol and 17-OH allopregnanolone). These 
findings, in association with the similar mobility of the diacetate of the 
reference compound compared to that of the unknown after acetylation, 
strongly suggested the presence of a 20-21-glycol group. 

The unknown and reference standard were submitted to Dr. Thomas 
Gallagher for infrared spectrometry, at the Sloan-Kettering Institute for 
Cancer Research. The spectrometry was kindly performed by Dr. Glen 
Roberts. The amount remaining for analysis was only about 300 micro- 
grams, due to use of the material for other tests and losses in eluting from 
paper and the silica-gel-celite column employed for purification prior to 
infrared analysis. The comments of Dr. Gallagher and Dr. Roberts were as 
follows: 

“The spectrum of the acetylated urinary fraction was determined on 
Perkin-Elmer spectrophotometers (Model 21), using a sodium chloride 
prism and carbon disulfide solution for the region 1400-650 cm-' and a 
calcium fluoride prism with carbon tetrachloride solution for the remain- 
ing regions. Between 4000 and 2750 cm-, hydroxyl absorption plus im- 
purity was evident. From 1800-1600 cm-', three bands were present: 
1746 cm- (acetate carbonyl) ; 1676 em-' (conjugated carbonyl); and 1619 
em-! (C=C). All bands of major absorption from 1400-650 em—! coincided 
with 116-hydroxy-206,21-diacetoxy-A‘-pregnen-3-one. (Authentic com- 
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pound, courtesy of Dr. Karl Pfister, Merck and Company; acetylated at 
the Sloan-Kettering Institute). Further evidence of impurity in this region, 
and the possibility that the 20e-epimer would give a similar type of in- 
frared absorption qualifies the identification as tentative.” 

In addition to the foregoing, amounts approximating 200 micrograms 
of each of 2 similar substances were found in the urine extract of the same 
patient after administration of 90 mg. of corticosterone by mouth. One 
substance (unknown #2) appeared to be identical with unknown #1 and the 


TABLE 1. IDENTIFICATION OF A‘!-PREGNENE-116,208,21-TRIOL-3-ONE IN URINE EXTRACT 
AFTER ADMINISTRATION OF 11-DEHYDROCORTICOSTERONE ACETATE 


Unknowns 
Procedure (A*-pregnene- corticosterone 90 mg. of corti- 
118,208,21- Ac. (400 mg.) costerone 
triol-3-one) 
Unknown | Unknown} Unknown 
#1 #2 #3 
. 1. Rpoc* in toluene: propylene- 
glycol system .016 016 016 023 
2. Ret in CHCl;:formamide .74 
3. Rg in benzene:formamide .63 .63 . 66 
4. Rpoc of diacetate in methyl- 
cyclohexane: propylene-glycol 4 4 .42 31 
5. Rpoc of diacetate in toluene: 
propylene-glycol 1.2 1.2 
6. Rpoc of oxidation product of 
diacetate in methyleyclohex- 
ane: propylene-glycol 1.11 1.10 1.12 -— 
7. Fluorescence in H.SO; + + + 5 
8. Spectrometry in sulfuric acid 
Maxima 286-380 286-380 286-380 | 288-380 
Minima 240-330 240-335 240-335 | 248-345 
9. Soda fluorescence test + + — ae 
10. Absorption maxima in etha- 
nol 240 240 232 236 
11. Reaction with blue tetra- 
zolium none none none none 
12. KIO,-benzidine test (modi- 
fied, Cifonelli and Smith) + + ee a 
13. Infrared spectrometry See text See text 


* Rpoc = mobility of compound compared to 11-desoxycorticosterone. 
+t Re=mobility of compound compared to free cortisone. 
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reference standard, as seen in Table 1. The other compound (unknown #3) 
had a similar absorption curve in sulfuric acid, a similar degree of fluores- 
~ cence in sulfuric acid, and a positive reaction in the soda-fluorescence 
test as well as in the KIO,-benzidine test. However, the running rates were 
.023 in toluene: propylene-glycol and 0.31 in the methyleyclohexane: pro- 
pylene-glycol system after acetylation. It is suggested that unknown #3 
might be the 20a epimer. Unfortunately the 20a epimer was not available 
to us as a reference standard. 
Epwin M. Ricuarpson, Px.D. 
HELEN BuLAscHENKO, M.S. 
F. Curtis Donan, M.D. 
Endocrine Section of 
William Pepper Laboratory of Clinical Medicine 
and Department of Medicine, 
University of Pennsylvania, 
Philadelphia, Pennsylvania, 
December 26, 1957 
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EARL T. ENGLE 
1896-1957 


HE sudden death of Professor Earl T. Engle on December 17, 1957, 

came as a shock, especially to his close associates, since he had been in 
apparent good health that very morning. Thus, the curtain was drawn on a 
scientific career that extended well over thirty-five years, twenty-nine 
of which were spent at the College of Physicians and Surgeons, Columbia 
University. 

Dr. Engle’s early contributions are well known to even the youngest 
members of the Endocrine Society. His collaborative work with Dr. Philip 
E. Smith laid down some of the basic principles of modern endocrinology in 
elucidating the role of the anterior pituitary, especially in the regulation 
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of gonadal function. The hormonal control of menstruation was another of 
his many scientific interests. 

Although not a physician, his more recent interests and contributions 
were in the field of human reproduction. He served as a guide and a teacher 
to clinicians. Perhaps his greatest contribution to medical science was the 
stimulus and inspiration that he gave to both medical and ‘graduate stu- 
dents, as well as Postgraduate Fellows from all over the world. 

A generation of ‘““P & 8” students were inspired by his genial informality 
in the classroom to work on small research problems. Throughout the 
country, in the many disciplines of medicine, there are ‘“P & S” graduates 
who got their first taste of research under the guidance of Earl T. Engle. 
There was always a medical student or two in the Animal Room during 
lunch hour or after five, injecting this substance or that into a group of rats 
to see its biological effect. Although many of these students went on into 
other fields such as renal physiology, enzyme chemistry, or cancer re- 
search, their first experience in research was under his guidance. 

Earl T. Engle also influenced American medicine in the many organiza- 
tions and committees to which he belonged. Some of his activities included 
the following: ‘ 

Director of Research, National Committee Maternal Health, 1937-47. 

National Research Council (member, Committee on Growth) 1945-50. 

President, The Endocrine Society, 1953-54. 

_ Chairman, Editorial Committee, Association for the Study of Internal 
Secretions, 1942-48. 
Member—American Society of Anatomists 
American Physiological Society 
The Endocrine Society 
Society for Experimental Biology and Medicine 
Gerontological Society 
Recipient, Award from American Urological Association, 1946 
Award for research, American Gynecological Society, 1950 
Sir William Fletcher Shaw Lecture, Royal College, London, 
1952 
Editor (books) Diagnosis in Sterility, 1946 
Problems of Fertility, 1946 
Menstruation and Its Disorders, 1948 
Pregnancy Wastage, 1953 
Studies on Testis and Ovary, Eggs and Sperm, 1955 
Hormones and the Aging Process, 1956 

During the 1956-57 academic year he had been on a sabbatical leave 
from Columbia University and had compiled a report under the auspices 
of the American Gynecological Society. This report will bring forth rec- 
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ommendations for improving the research facilities and teaching oppor- 
tunities in the various departments of obstetrics and gynecology through- 
out the country. 

He will be missed by these organizations, but much more so by many of 
his colleagues and students who will no longer be invited to take part in 
informal discussions in which his natural wit and humor predominated. 
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THE 1958 ANNUAL MEETING 


The Fortieth Annual Meeting of The Endocrine Society will be held in 
the St. Francis Hotel, San Francisco, California, Thursday, Friday and 
Saturday, June 19, 20, and 21, 1958. 

The Committee on Local Arrangements—Dr. Roberto Escamilla, 
Chairman; Dr. Donald E. Bernstein, Dr. Peter H. Forsham, Dr. Minnie 
B. Goldberg, Dr. Gilbert 8. Gordan, Dr. Francis 8. Greenspan, Dr. C. H. 
Li, as members of the committee. 

All Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily in 
the Colonial Ballroom, and in addition there will be simultaneous after- 
noon sessions in the Italian Room. The annual dinner is scheduled for 
Friday, June 20 at 7:30 p.m., preceded by cocktails at 6:30 P.M. 

All reservations for rooms must be made through the AMA Housing 
Bureau, Room 300, 61 Grove Street, San Francisco 2, California. If pos- 
sible, official application forms as published in the Journal of the American 
Medical Association should be used. Arrival and departure dates must be 
stated. All requests must be accompanied by check or money order (not 
cash) made payable to ‘“‘The AMA Housing Bureau” in the amount of 
$10.00 per room, which will be credited to your hotel account. Be sure to 
state your first, second and third choice of hotels. It is important to make 
reservations immediately in order to avoid disappointment. 

Final program, membership card and advance registration forms will be 
sent on May 15, 1958 to members whose current dues have been paid. 


(For program, see the May issue of the Journal.) 


THE 1958 AWARDS 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. 
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MEDAL OF THE ENDOCRINE SOCIETY 


In 1954 the Council of the Society voted to establish a medal and an 
honorarium of $1,000 to be given to an individual for work of special dis- 
tinction in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. Dr. Carl R. Moore was the recipient in 1955, 
Dr. Frederick L. Hisaw in 1956, and Dr. Joseph C. Aub in 1957. 


THE CIBA AWARD 


The Ciba Award, to recognize the meritorious accomplishments of an 
investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology, was established in 1942, but no recipient was se- 
lected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; 1945—Dr. Jane A. Russell; 1946—Dr. Martin M. Hoffman; 
1947—Dr. Choh Hao Li; 1948—Dr. Carl Heller; 1949—Dr. George Sayers; 
1950—Dr. Oscar M. Hechter; 1951—Dr. Albert Segaloff; 1952—Dr. 
Seymour Lieberman; 1953—Dr. Sidney Roberts and Dr. Clara Szego (Mrs. 
Roberts) ; 1954—Dr. Isadore M. Rosenberg; 1955—Dr. Jack Gross; 1956— 
_ Dr. Alfred M. Bongiovanni; 1957—Dr. Nicholas 8. Halmi. Prior to 1952 
the Award was $1,200. It is now $1,800. If within twenty-four months of 
the date of the award, the recipient should choose to use it toward further 
study in a laboratory other than that in which he is at present working, 
it will be increased to $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $5,000, may be divided into two Fellowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 

1. Evidence of scientific ability as attested by studies completed or in 


progress. 
2. Recommendations from individuals familiar with the candidate and 


his work. 
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3. A proposed program of study. 

4. Acceptance of the individual by the head of the department in which 
the Fellowship will be held. 

5. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 


THE SCHERING AND THE UPJOHN SCHOLARS OF 
THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. These grants have been made available through the generosity of 
the Schering Corporation and the Upjohn Company, and will be awarded 
to established investigators and teachers in the field of endocrinology who 
wish to extend their opportunities for work either in this country or abroad. 

The awards will not exceed $2,500 annually for each individual and will 
be granted on the basis of proposals submitted by the applicant. Such ap- 
plications should include the estimated financial needs. The funds may be 
used for travel, maintenance and other expenses. 


Nominations 


- Nominations for the Medal of the Endocrine Society; the Ciba Award; 
and the Ayerst and the Squibb Fellowships may be made by any mem- 
ber of The Endocrine Society. They should be submitted on forms which 
may be obtained from the Office of the Secretary, 1200 North Walker 
Street, Oklahoma City 3, Oklahoma. Completed nominations should be 
returned to the Secretary not later than November 1 each year. 


Proposals for appointments as Scholars of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by November 1 each year. 

The Awards Committee will meet in November and notice of awards to 
successful nominees and applicants will be made not later than December 1. 
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TENTH POSTGRADUATE ASSEMBLY 
IN ENDOCRINOLOGY 
AND METABOLISM 


SPONSORED JOINTLY BY THE ENDOCRINE SOCIETY AND THE STATE 
UNIVERSITY OF NEw York, Upstate ScHoou 


Syracuse, N. Y. 
September 29 through October 3, 1958 
For information concerning the program and registration, write to 
Charles W. Lloyd, M. D., State University of New York, Upstate Medical 


Center, Syracuse 10, N. Y. 
The registration fee is $100.00. Residents and Fellows will be admitted 


for a reduced fee of $30.00. Those wishing to reserve rooms should corm- 
municate directly with the Hotel Syracuse. 


THE 1958 ANNUAL MEETING 


The next Annual Meeting of The American Goiter Association will be 
held in the St. Francis Hotel, San Francisco, California, on June 16, 17, 18 


and 19, 1958. 
All reservations for rooms (accompanied by a $10 deposit) must be made 


through the AMA Housing Bureau, Room 300, 61 Grove Street, San 
Francisco 2, California. 
(For program, see the May issue of the Journal.) 


f The American Goiter Association 


BOOK REGISTER 


Aldosterone. An International Symposium, edited by Atex F. Mutuer, M.D. and 
Crcinia M. O’Connor, B.Se.’'The Symposium was organized by the Clinique 
Thérapeutique of the University of Geneva in June 1957, aided by CIBA in 
Basle. The Ciba Foundation and J. & A. Churchill Ltd., London helped with 
publication. This book contains a critical appraisal of the biogenesis and physio- 
logic action of aldosterone and its importance in clinical medicine. Outstanding 
investigators from all over the world have attempted to answer many questions 
concerning aldosterone. There are sections on the interrelationships of potas- 
sium deficiency and renal disease, on the great significance of future studies on 
the metabolism of water and electrolytes, and on how to handle the edematous 
state. The symposium is a valuable summary of the subject and includes much 
new basic and clinical material; 240 pages; 84 illustrations; 1958. Medical 
Book Department, Little, Brown & Company, Boston 6, Mass. Price $8.00. 


Chemistry and Biology of Mucopolysaccharides. Ciba Foundation Symposium, edited by - 
G. E. W. Woustennoime, M.A., B.Ch. and Marv O’Connor, B.A. Papers 
and discussions on this rapidly developing field center mainly on the subjects 
of lipopolysaccharides, the chemistry and distribution of sialic acid, blood 
group substances, and mucopolysaccharides in connective tissue. Included are 
papers on Immunochemical Approaches to Polysaccharide and Mucopoly- 
saccharide Structure; Mucopolysaccharides of Gram-negative Bacteria, Newer 
Chemical and Biological Aspects; Mucopolysaccharides Associated with Blood 
Group Specificity; and Glycoproteins of Plasma; 336 pages; 48 illustrations; 
1958. Medical Book Department, Little Brown & Company, Boston 6, Mass. 
Price $8.50. 


Endemic Goitre. Select Bibliography on World Distribution. Contains 1014 references to 
papers dealing primarily with, the geographical distribution and incidence of 
endemic goiter; 104 pages; 1958. Chilean Iodine Educational Bureau, Rope- 
maker Street, London, E.C.2, England. 


Human Infertility. By C. Laz Buxton, M.D., Med. Se.D., Professor and Chairman, De- 

partment of Obstetrics and Gynecology, Yale University School of Medicine, 

New Haven, Conn., and Anna L. Sournam, M.D., Assistant Professor of 

Obstetrics and Gynecology, College of Physicians and Surgeons, Columbia 

University, New York, with a chapter on Endometrial Diagnosis by Ear. T. 

Enete, Ph.D., Professor of Anatomy, College of Physicians and Surgeons . 

Columbia University, New York. This book presents the present knowledge of 

infertility and its management, based on the results of follow-up care and study 

of over 2000 infertility patients. As stated in the preface ‘‘the authors have 

attempted to be candidly realistic in factually presenting their concept of 

human infertility, its prevalence, its implications to both society and the indi- 

viduals involved, its diagnosis, its treatment, and, within our experience, the 

results of treatment ...’’ The 8 sections deal with The Problem, The Couple 

as a Unit, The Gynecologist’s Responsibility in Male Infertility, The Hormo- 

nal Factor, The Tubal Factor, The Cervical Factor, The Psychological Factor, 

and The Sociological Factor; 240 pages; 42 figures; 25 tables; 1958. Paul B. 
Hoeber, Inc., 49 East 33rd Street, New York 16, N. Y. Price $7.50. 
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(Die) Physiologie des Lymphozytenwechsels und seine Beinflussbarkeit durch Hormone des 
Hypophysen-Adrenalsystems. By Priv.-Doz. Dr. H. G. Hansen, Oberarzt an 
der Univ.-Kinderklinik, Kiel, with a Foreword by Pror. Dr. W. CareEt, 
Direktor der Univ.-Kinderklinik. About a third of the book deals with the 
physiology of the lymphatic system, another third with methods for studying 
labeled cells in the blood and organs (with radioactive phosphorus and with 
fluorescent dyes), and the remaining third with the influence of the adreno- 
corticotropic hormone of the hypophysis and the glucocorticoids on lympho- 
cytes; 164 pages; 74 illustrations (some in color), 1958. Georg Thieme Verlag, 
Stuttgart. In the U.S.A. and Canada, Intercontinental Medical Book Corpora- 
tion, New York 16, N. Y. Price DM 18.50. $4.40. 


Problémes actuels d’endocrinologie et de nutrition. Série 1, under the direction of Guy 
Larocue, H. P. Kiorz and J. Tremouieres, with the collaboration of J. Avrin, 
E. E. Bauuieu, H. Cuimenss, D. CLement, L. M. Grivaux, J. Hepp, 
L. A. Mossn, J. NatHan-Kaun, G. and J. VILLIAv- 
MEY. The subjects covered are obesity, surgery of the thyroid, sulfamide hy- 
poglycemic drugs, the heart in hyperthyroidism, diet and undernutrition, 
skeletal manifestations in endocrine osteoporosis, biology of the parathyroids, 
panhypopituitarism in the adult, diet and cardiac insufficiency, the central 
nervous system origin of certain hypoglycemias, interpretation of tests in 
amenorrhea, treatment of adrenocortical insufficiency, and chronic tetany and 
spasmophilia; 195 pages; 1957. Expansion Scientifique Frangaise, 15 rue St. 
Benoit, Paris 6, France. Price 1,100 francs. 


Transactions of the Josiah Macy, Jr. Foundation Conferences. Publications Office, 16 

West 46th Street, New York 36, N. Y. 

Group Processes. Third Conference, October 7-10, 1956, Princeton, N. J. Edited 
by BertraM ScHAEFFNER, M.D., University Seminar on Communica- 
tions, Columbia University, New York. Twenty-three participants 
present papers and discussions on Interpersonal Influences with the 
Family, Interpersonal Persuasion, Maternal-Neonate Interrelation- 
ships, and Chinese Communist Thought Reform; 328 pages; 1957. 
Price $4.00. 

Polysaccharides in Biology. Second Conference, April 25-27, 1956, Princeton, 
N. J. Edited by Grorace F. Springer, M.D., William Pepper Labora- 
tory of Clinical Medicine, The Hospital and the Department of Micro- 
biology, University of Pennsylvania School of Medicine, Philadelphia, 
Pennsylvania. Twenty-six participants present papers and discus- 
sions on Sialic Acid and Related Compounds, Interaction of Poly- 
saccharides and Viruses, and Pyrogens; 245 pages; 54 figures; 29 
tables; 1957. Price $5.00. 
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Mrs. H. T., a 30-year-old house- 
wife, bore her first child at 26 
years of age. After the delivery— 
and now for full four years—she 
has been unable to shed the 
excess pounds gained during 
pregnancy. Complete amenorrhea 
persisted for a year after birth, 
followed by only gradual return 
to more normal menses. Despite 
a seemingly healthy appearance, 
Mrs. H. T. suffers from exhaus- 
tion. Her memory is poor; she is 
not alert. Since the baby’s birth, 
she has not regained her com- 
plete strength. “I feel cold all the 
time,” she complains. “My skin 
and hair are dry.” 


PBI is 2.0 meg./100 ml; BMR 
-33; cholesterol 385 mg./100 ml.: 
EKG of reduced amplitude. 


Based on history and findings, a 
diagnosis of hypothyroidism is 
made and thyroid substitution (3 
gr. Proloid daily) prescribed. 
Within 4 months, her PBI rose 
to 5.4 meg./100 ml.; cholesterol 
fell to 242; and EKG returned to 
normal. In view of the favorable 
results, therapy is continued in- 
definitely. 


pattern of SUB CLINICAL 
HYPOTHYROIDISM 


Highly purified natural thyroid extract, PRoLoID provides 
all the fractions of thyroid secretion to normalize every 
facet of thyroid function. 

Double assay—chemical and biological—assures a predict- 
able clinical response for safe, effective long-term therapy. 
ProLoi is available in 5 tablet sizes: 4, Y, 1, 1% and 
5 grain tablets—and Proloid Powder for compounding. 
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menopause when 
the feminine role 
falters 


GYNETONE 


REPETABS 


balanced 
restores feminine well-being 
In the faltering physiology of the menopause, control of physical and an symp- 
toms without excessive hormonal effect should be the goal of therapy. This ideal 
requires a balanced estrogen-androgen combination that will provide maximal bene- 
fits without unwanted actions. 
Because the delicate hormonal adjustment in GyNETONE REPETABS “approaches the 
ideal ratio,”* complete relief with practically no unwanted effects is given to the 
majority of patients. As a result of this total control of vasomotor symptoms plus a 
renewed sense of vigor and well-being, “patients expressed a definite preference”* for 
this combination. 
The tonic, protein-anabolic action of GYNETONE is also valuable in menopausal, post- 
menopausal and senile osteoporosis, and in protein depletion states remand with 
long-term ACTH or corticosteroid therapy. 


two strengths for individualized therapy: 
GyneTONE REPETABS: Ethinyl Estradiol U.S.P., 0.02 mg. plus Methyltestosterone 


U.S.P., 5 mg. 
GyNnETONE® REPETABS® “double strength”: Ethinyl Estradiol U.S.P.. 0.04 mg. plus 


Methyltestosterone U.S.P., 10 mg. 


*Moravec, C. L., and Moravec, M. E.: New York J, Med. 55:2775, 1955. 
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lished by The Endocrine Society. 
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SQUIBB 


Benefits for you and your patients: 

= Total, integrated therapy ... makes possible sustained treatment 
simulating endogenous hormone production 

= Well tolerated therapy ... precise balance greatly reduces dangers 
of unwanted stimulation of genital or accessory sexual structures 

= Convenient therapy ...sustained action for 3 to 4 weeks. Dela- 
dumone treatment assures close patient supervision, eliminates 
danger of skipped doses 

s Economical for the patient. 

...and the patient is always under your control 

Menopausal syndrome and sequelae: 1 to 2 cc. as a single intramus- 
cular injection every 3 to 4 weeks. 

Postpartum breast engorgement and prevention of lactation: 2 to 4 
cc. as a single injection immediately upon delivery of the baby at the 
second stage of labor. 

Supply: Vials of 1 and 5 cc. Each cc. provides 90 mg. of testosterone 
enanthate and 4 mg. of estradiol valerate. *DELADUMONE’® IS A SQUIBB TRADEMARK. 


Squibb Quality—the Priceless Ingredient 
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Jwo Outstanding Mosby Books 
to Guide You in Diagnosis. of 
Endochine. Disorders. 
Morris-Scully 


ENDOCRINE PATHOLOGY OF THE OVARY 
Correlates the Pathological Changes in the Ovary with the 
Endocrine Disorders which Accompany Them 


For the endocrinologist, the gynecologist, the pediatrician, the pathologist or the in- 
ternist seeking to correlate and understand the pathological changes found in the ome 
with the endocrine disorders which accompany them, this new Morris and Scully boo: 
offers the only completely current and significantly essential information available on 
the subject. A completely modern presentation of the — it includes much pre- 
viously unreported case material and adds a number of new approaches and concepts 
as well. 

The authors lead you through introductory chapters on modern concepts of the cells 
of the gonads, their abcylia, sexual differentiation, sex hormone production, hor- 
mone assays, and a brief classification of various endocrine syndromes. Current thinking 
on non-neoplastic abnormalities of the ovary which are associated with endocrine effect 
is pointe in detail. Significant case histories of functioning tumors and related dis- 
orders observed at Massachusetts General Hospital, Peter Bent Brigham Hospital, the 
New England Deaconess Hospital, the Boston City Hospital, Free Hospital for Women 
in Brookline and Yale Medical Center. 


JOHN McLEAN MORRIS, M.D., Associate Professor of Sroeselngy, Yale University School of Medi- 
cine; and ROBERT E. SCULLY, M.D., Clinical Associate in Pathology, Harvard Medical School; Associate 
secon, Massachusetts General Hospital, Boston. 1958, 151 pages, 634” x 934", 75 illustrations. Price, 


Lisser-Escamilla 


ATLAS OF CLINICAL ENDOCRINOLOGY 


A Pictorial Approach to the Recognition, Diagnosis and Treatment 
“It is hard to conceive of any clinical entity in the field of endocrinology 
that the clinician may encounter that is not included in this book. This text 
is closest to bedside teaching that is conceivable.” 

—The Bulletin of the St. Louis Medical Society 
Unique in its approach to the recognition and treatment of endocrine disorders, 
ATLAS OF CLINICAL ENDOCRINOLOGY uses a pictorial presentation combined 
with an abbreviated text to facilitate in the diagnosis of all endocrine disorders. 
Reflecting the vast experience of the authors, this book is a valuable aid in helping 
you recognize endocrine disorders, in facilitating correct diagnosis and in prescribing 
proper endocrine therapy or endocrine surgery. 
Comprehensive in scope and vivid in its presentation, this atlas covers all clinical 
disorders from infancy to senescence. It discusses disorders of the pituitary, thyroid, 
parathyroids, adrenals, testes, ovaries, pancreatic islets and miscellaneous syndromes — 
whose endocrine status is uncertain, With emphasis on clinical aspects, especially 
those visible on inspection, this book contains all the latest data on diagnosis and 
treatment including laboratory aids. Well documented case histories, taken serially 
when progression or response to treatment is pertinent, combined with the life-like, 
exceptionally descriptive illustrations make this book come as close to bedside rounds 
as literature can. 


By H. LISSER, A.B., M.D., Clinical Professor Emeritus of Medicine and Endocrinology, University of 
California School of Medicine, San Francisco; Former President, The Endocrine Society; and ROBERTO 
F. ESCAMILLA, A.B., M.D., Clinical Professor of Medicine, University of California School of Medicine, 
San Francisco; Civilian Consultant and Chief of Endocrine Clinic, Letterman Army Hospital, San Fran- 
cisco. 1957, 476 pages, 8!/.” x 11", over 800 illustrations on 148 plates including 3 in color. Price, $18.75. 


At Your Favorite Bookstore * Or Order on 10 Day Approval From 


The C. V. MOSBY COMPANY 


3207 Washington Boulevard © St. Lovis 3, Missouri 
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How to establish your radioactive isotope program 


Evaluation of thyroid fu ion using radioiodi 


Studies of kidney function with radioactive diod 


Estimation of cardiac output with radioiodinated 2 


ion of liver function with radi tive rose beng 


Blood and plasma volume measurements using 


Measurement of red cell mass with radiochromium a: Segee 
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Fat digestion and absorption with radioiodine 


Scanning body areas for radioisotope concentrations . . + 


Published and copyrighted i958 by Nuclear-Chicago Corporation 
223 West Erie Street, Chicago 10, Illinois 


chicago 


send for this information on use of radioisotopes 


We will be happy to send you this new 


brochure outlining typical procedures’ and NUCLEAR-CHICAGO CORPORATION 
instrumentation required for the most 245 W. Erie St., Chicago 10, Illinois 
important clinical radioisotope studies. Just 
mail the coupon. No obligation, of course. Please mail me a copy of “Diagnostic Applications of 


Radioactive Isotopes. 


(Name) 
nuclear - chicago 
WEST ERIE STREET CHICAGO 18, ILLINOIS lone) State} 
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: 


The only dosage form of progesterone 
combining convenience of administra- 
tion with a high. degree of effectiveness 
for greater patient acceptability. 


“Colprosterone” therapy provides: 

¢ freedom from pain and inconvenience 
of injection 

¢ continuity of therapy where uninter- 
rupted treatment is necessary 


* more predictable response than with 
oral, buccal or sublingual therapy 


¢ better patient acceptability than with 
any other dosage form 


AYERST LABORATORIES ° 


NEW YORK, N. Y. * 


1. Atrophic Endometrium 
No treatment. 


2. Secretory Endometrium (100 X) 
After “Premarin”* 3.75 mg. daily x 20 days 
Progesterone 25 mg. I.M. x 4 days. 
Note improvement. 


3. Secretory Endometrium (200 X) 
After “Premarin” 3.75 mg. daily x 20 days 
“Colprosterone” 50 mg. daily x 5 days. 
Note development of characteristic 
secretory endometrium. 


Literature with complete dosage regi- 
mens for amenorrhea, habitual abortion, 
premenstrual tension and other indica- 
tions available on request. 


Supplied: No. 793 — 25 mg. vaginal 
tablets (silver foil), No. 794 — 50 mg. 
vaginal tablets (gold foil), boxes of 30. 
Combination package — 15 vaginal tab- 
lets with applicator. 


Each tablet is individually and hermet- 
ically sealed. Presented in strips of 3 
units, detachable as required. 


*“Premaring Tablets (Conjugated estrogens 
equine) 


MONTREAL, CANADA 
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17-Ketosteroids 
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Gonadotropins 
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CONSERVATIVE FEES 


Write for fee schedule for endocrine 
and other determinations. 


An Authorized Binding for 


THE JOURNAL OF CLINICAL 
ENDOCRINOLOGY AND 
METABOLISM 


Arrangements have been made for subscribers 
to have their journals bound into distinctively 
designed books. 


Twelve issues January through December, 
bound in best grade grass green washable 
buckram, imprinted with your name on cover, 
cost but $4.15 per volume. 


Bound journals serve as an immediate refer- 
ence for research and information. Properly 
displayed, they create a psychological impact 
on the patient, implying the time and effort 
spent to keep up-to-date on the most modern 
techniques and treatment. 

Ship journals parcel post. Within thirty days 
after receipt, bound volumes will be shipped 
prepaid anywhere in the U.S.A. Full remit- 
tance must accompany order. 


PUBLISHERS’ AUTHORIZED 
BINDERY SERVICE 


(Binders of all Journals) 
5811 W. Division St., Chicago 51, Illinois 


Mail this form to Charles C Thomas - 
Publisher - Springfield - Illinois and 
you will receive your copy imme- 
diately. 


TRANSACTIONS OF 
THE AMERICAN GOITER 
ASSOCIATION—1956 


Many communications have been received in- 
dicating that this meeting was an outstanding 
one, particularly because of the excellence of 
the papers, dealing with biochemistry and its 
allied sciences. An internist interprets the re- 


sults of the various laboratory procedures in 


terms designating in. what manner they might 
be of practical value. 


Complete the form below and we will 
send you one copy of Transactions of 
the American Goiter Association 
($16.75, 488 pages, 182 illustrations), 
for ten days free inspection approval. 


A few copies of the 1948, 1949, 1950, 
1951, 1952, 1953, 1954, and 1955 Trans- 
actions are still available on the same 
terms. 


Check the issues you want sent: 
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effective 
progestational 


therapy 


(norethindrone, Parke-Davis) 


: When progestational proliferation of the endometrium is inadequate for ovum nidation, conception 
cannot occur. In such cases of infertility, progestational therapy with NORLUTIN during the latter 
half of the cycle often produces clinically desirable results. Through endometrial improvement the 
possibility of conception is greatly enhanced. 


CASE STUDIES* 


NORLUTIN or a congener was given to 50 infertile patients daily from the fifth to the twenty-fifth day of 
their cycles. Within five months of their last treated cycles, seven women conceived. While two of these 
had secondary infertility... five had been inexplicably barren for from three to six years. 


INDICATIONS FOR NORLUTIN: 


conditions involving deficiency of progesterone such as primary and secondary amenorrhea, menstrual 
irregularity, functional uterine bleeding, endocrine infertility, habitual abortion, threatened abortion, pre- 
menstrual tension, and dysmenorrhea. 


PACKAGING: 5-mg. scored tablets (C. T. No. 882), bottles of 30. 


*Rock, J.; Pincus, G., & Garcia, C. R.: Science 124:891 (Nov. 2) 1956. 
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ALLAY HER 
APPREHENSION 


T0 RESTORE 
HORMONAL 
BALANCE 


TRY TYLANDRIL 


QUALITY / RESEARCH / INTEGRITY 


when the menopausal patient is “emotionally brittle’ 


While the androgen-estrogen components of “Tylandril’ act 
to restore hormonal balance, welcome relief from troublesome 
emotional symptoms is afforded by the action of ‘Sandril’ 


(Reserpine, Lilly). 
Each scored tablet of “‘Tylandril’ provides: 
Diethylstilbestrol ......... =. . 0.25 mg. 
Methyltestosterone. ......-.....5 mg. 


Supplied in bottles of 100. 
For dosage, see page 696 of your 1958 PDR. 
**Tylandril’ (Diethylstilbestrol and Methyltestosterone with Reserpine, Lilly) 
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“Premarin” with Meprobamate 


Each tablet contains 0.4 mg. “Premarin,” 


ite] 


PMB (‘“Premarin” with Meprobamate) is an 


ideal preparation when the patient needs extra 
relief from anxiety and tension during the 
menopause. Once these symptoms are under 
control, therapy may be continued with 


“Premarin” alone. 


Simple to prescribe as merely PMB 


pply: No. 880, PMB-200, 
es bottles of 60 and 500. 


Also available No. 881, PMB-400 
(“Premarin” 0.4 mg. with meproba- 
mate 400 mg.), bottles of 60 and 500. 
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5827 “Premarin’’® conjugated estrogens (equine) Meprobamate, licensed under U.S. Pat. No. 2,724,720 
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